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HEATS  OF  SOLUTION  OF  THE  HEXAHYDRATES 
OF  CADMIUM  AND  MERCURY  PERCHLORATES 


S.  A.  Shchukarev,  Z.  U.  Borisova,  and  A.  M.  Gusev 
Leningrad  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  12,  pp.  3857-3859, 

December,  1960 

Original  article  submitted  February  4,  1960 

The  heats  of  solution  of  the  hexahydrates  of  cadmium  and  mercury  perchlorates  have  been  determined  as 
in  our  previous  studies  [1,  2].  Cadmium  perchlorate  hexahydrate,  which  was  prepared  by  dissolving  cadmium 
carbonate  in  perchloric  acid,  was  recrystallized  5  times.  The  hexahydrate  obtained  was  freed  of  excess  mother 
liquor  by  drying  in  a  manipulator  over  concentrated  sulfuric  acid.  The  degree  of  drying  was  controlled  by  par¬ 
allel  analysis  of  the  hexahydrate  for  cadmium  and  CIO/  and  simultaneous  determination  of  its  heat  of  solution. 
The  analysis  for  cadmium  was  made  by  titrating  with  Trilon  B,  with  Acid  Chrome  Dark  Blue  as  the  indicator. 

The  accuracy  of  the  analysis  was  dkO.OB^/o.  The  CIO/  content  was  determined  in  the  same  manner  as  previously 
[3].  The  maximum  endoeffect  of  solution  was  obtained  for  cadmium  perchlorate  containing  6.00  molecules  of 
water  per  mole  of  anhydrous  salt. 

Found  %  Cd  26.81;  Cl  16.88.  Cd(C104)2  *  6H2O.  Calculated  %  Cd  26.80;  Cl  16.19. 

The  heats  of  solution  in  water  of  cadmium  perchlorate  were  determined  for  the  following  dilutions  (m 
moles  per  mole);  1  ;  1000,  1  ;  700,  1  ;  500,  1  :  200,  1  ;  100,  1  ;  50,  1  ;  30,  1  :  20,  1  :  13,  1  ;  10,  and  1 ;  6.7. 
The  heats  of  solution  for  dilutions  from  1  :  1000  to  1  :  30  were  determined  directly  by  solution  of  a  weighed 
sample  of  cadmium  perchlorate  hexahydrate  in  water.  For  dilutions  of  1 ;  20  and  less,  intermediate  heats  of 
solution  were  determined.  The  cadmium  perchlorate  hexahydrate  was  dissolved  not  in  water,  but  in  a  solution 
of  the  perchlorate  of  definite  concentration,  the  heat  of  solution  of  which  was  known.  The  average  values  ob¬ 
tained  from  7-8  experiments  are  given  in  Table  1. 

The  concentration  of  a  saturated  solution  of  cadmium  perchlorate  at  25*  is  4.41  moles  of  anhydrous  per¬ 
chlorate  per  1000  g  of  water  [4].  Thus  the  last  dilution  (1  ;  6.7)  for  which  we  determined  the  heat  of  solution 
differs  from  the  saturated  solution  by  0.2  mole  of  water. 

Preparation  of  mercury  perchlorate  hexahydrate  with  the  stoichiometric  proportions  of  the  components 
presented  considerable  difficulty.  Mercury  perchlorate  in  aqueous  solutions  undergoes  considerable  hydrolysis 
(according  to  the  data  of  [5],  a  5.51  molal  solution  of  the  perchlorate  has  a  pH  of  1.56).  On  recrystallization 
from  aqueous  solutions,  therefore,  hexahydrate  contaminated  with  basic  salts  is  obtained.  Such  a  preparation 
gives  low  values  for  the  heat  of  solution  in  water.  On  the  other  hand,  on  recrystallization  from  solutions  of  per¬ 
chloric  acid  of  appreciable  concentration  the  hexahydrate  precipitates  out  containing  an  excess  of  perchloric 
acid.  The  presence  of  the  excess  perchloric  acid  in  the  hexahydrate  also  lowers  the  endoeffect  of  solution  of 
the  mercury  perchlorate  hexahydrate  in  water.  The  recrystallization  of  the  hexahydrate  therefore  was  carried 
out  from  solutions  of  perchloric  acid  of  such  a  concentration  (~  2  N)  that  mercury  perchlorate  hexahydrate  pre¬ 
cipitated  with  the  theoretical  proportions  of  the  components,  giving  the  maximum  endoeffect  of  solution  in  water. 

The  heats  of  solution  of  mercury  perchlorate  hexahydrate  in  water  were  determined  for  the  following  dilu¬ 
tions:  1  :  1000,  1  ;  500,  1  ;  200,  1  ;  100,  1  ;  50,  1 ;  30,  1  ;  20,  1 ;  10,  1  :  6,  and  1 :  4.  The  average  values  ob¬ 
tained  from  6-7  experiments  are  given  in  Table  2, 
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TABLE  1 


TABLE  2 


Dilution 

ah 

(Cal/ mole) 

Dilution 

AH 

(Cal/mole) 

1 

1000 

0.85 

1  -.1000 

1.83 

1 

700 

0  89 

1  : 5(K) 

1.80 

1 

.500 

084 

1  : 200 

1.83 

1 

200 

0  87 

1  :100 

1.86 

1 

100 

0  83  ±  0.03 

1  :50 

1.97  ±  0.04 

1 

.50 

0  98 

1  :30 

1.98 

1 

.30 

1  22 

1:20  • 

2.25 

1 

20 

1  .54 

1:10 

3.08 

1 

13 

2  07 

1:6 

4.35 

1 

10 

2  49 

1:4 

5.28 

1 

6.7 
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Heats  of  solution  of  hexahydrates  of  the  perchlorates  of  mercury  (1),  zinc  (2), 
magnesium  (3).  and  cadmium  (4)  at  different  dilutions. 


The  solubility  of  mercury  perchlorate  hexahydrate  in  water  at  25*  (equal  to  7.45  moles  of  anhydrous  per¬ 
chlorate  per  1000  g  of  water  [4])  is  exceptionally  great.  In  the  microcalorimeter  we  were  able  to  obtain  values 
for  the  heats  of  solution  of  mercury  perchlorate  hexahydrate  only  for  a  dilution  of  1 ;  4,  which  differs  consider¬ 
ably  from  the  concentration  of  a  saturated  solution- 

The  values  of  the  heats  of  solution  of  the  hexahydrates  of  cadmium  and  mercury  perchlorates  given  in 
Tables  1  and  2  are  presented  in  the  figure,  from  which  it  can  be  seen  that  the  nature  of  the  curves  for  the  rela¬ 
tion  of  the  heat  of  solution  to  the  dilution  for  these  compounds  is  similar;  the  heats  of  solution  of  the  hexa¬ 
hydrates  of  cadmium  and  mercury  perchlorates  differ  only  in  their  absolute  values.  In  this  same  figure  values 
are  given  for  the  heats  of  solution  of  the  hexahydrates  of  magnesium  and  zinc  perchlorates,  which  we  have  pub¬ 
lished  previously  [1,  2].  Thus  the  values  of  the  heats  of  solution  of  the  hexahydrates  of  the  perchlorates  of  the 
elements  of  group  n  of  D.  I.  Mendeleev's  periodic  s^'stem  (magnesium,  zinc,  cadmium,  and  mercury)  are  given 
in  the  figure-  At  a  dilution  of  approximately  1 :  30  for  the  four  perch’orates  there  is  a  distinct  bend  in  the  curve 
for  the  heats  of  solution  which  divides  the  whole  curve  as  if  into  regions  of  concentrated  and  dilute  solutions.  In 
the  region  of  concentrated  solutions  the  course  of  the  curve  for  all  four  perchlorates  is  the  same.  Furthermore, 
the  heats  of  solution  of  the  hexahydrates  of  three  of  the  perchlorates~magnesium,  zinc,  and  mercury*  are  prac¬ 
tically  the  same  even  in  absolute  value-  The  heats  of  solution  of  cadmium  perchlorate  hexahydrate  for  all  solu¬ 
tions  are  lower  by  approximately  the  same  amount  (~0.5  Cal). 
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As  the  solution  is  diluted  from  1  :  30,  the  chemical  individuality  of  the  cations  is  manifested  more  and 
more.  Attention  is  attracted  by  the  regularity  of  the  change  in  the  nature  of  the  curves  as  the  solution  is  diluted 
in  going  from  magnesium  to  mercury.  On  the  curve  for  the  heats  of  solution  of  magnesium  perchlorate  hexahy- 
drate  there  is  a  sharp  decrease  in  the  endoeffect  of  solution  in  the  region  of  dilutions  from  1  :  200  to  1  :  300 
For  zinc  perchlorate  this  decrease  is  considerably  less.  When  the  hexahydrates  of  the  perchlorates  of  cadmium 
and  mercury  arc  dissolved,  the  heats  of  solution  are  unchanged  for  all  the  regions  of  dilution  from  1 ;  100  to 
1  ;  1000.  When  dilute  solutions  are  produced,  the  heat  effect  of  solution  should  be  considerably  influenced  by 
the  process  of  hydrolysis  of  the  salts.  According  to  the  data  in  [5],  the  perchlorates  of  the  elements  mentioned 
can  be  arranged  with  respect  to  the  degree  of  hydrolysis  in  the  following  series:  Mg  <  Cd  <  Zn  <  Hg. 


SUMMARY 

The  heats  of  solution  of  the  hexahydrates  of  cadmium  and  mercury  perchlorates  have  been  investigated 
over  a  wide  range  of  concentrations. 
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The  rules  formulated  by  N.  S.  Kumakov  and  his  followers  now  permit  the  satisfactory  interpretation  of 
composition" property  diagrams  for  the  most  prevalent  methods  of  investigation  of  liquid  systems;  viscosimetxy, 
conductometry,  refractometry,  etc.  All  the  investigations  in  the  field  of  physicochemical  analysis  of  binary  liq¬ 
uid  systems  that  have  been  carried  out  up  to  this  time,  however,  have  to  do  exclusively  with  problems  connected 
with  the  determination  of  the  composition  of  the  compound  formed  in  the  system  (for  mixtures  that  react).  But 
for  complete  characterization  of  the  process,  it  is  important  to  know  not  only  what  compound  is  formed  in  the 
system,  but  how  much  of  it  is  produced. 

The  equations  connecting  the  magnitude  of  a  property  in  the  system  with  the  amount  of  the  compound 
produced  were  first  derived  by  N.  N-  Stepanov  [1].  These  theoretical  developments  were  conclusively  confirm¬ 
ed  by  experiments. 

In  recent  years  calculations  of  the  reaction  yield  on  the  basis  of  data  from  physicochemical  analysis  have 
been  thoroughly  studied  by  N  A. Izmailov  and  his  co-workers  [2],  who  have  developed  a  cryoscopic  method  for 
the  determination  of  the  degree  of  chemical  reaction.  The  cryoscopic  method  of  calculation  of  the  reaction 
yield  has  been  developed  to  a  considerable  extent  in  the  work  of  E.  E-  Cherkashin  [3). 

All  of  the  methods  listed  for  the  calculation  of  the  yield  of  the  reaction  between  two  substances  are  based 
on  the  presence  of  a  third  component,  the  solvent,  changes  in  the  properties  of  which  are  measured.  Thus,  the 
calculations  of  the  degree  of  chemical  reaction  have  been  worked  out  only  for  ternary  systems  and  it  is  not  pos¬ 
sible  to  extend  them,  on  principle,  to  binary  systems.*  This  is  why  the  development  of  methods  for  determina¬ 
tion  of  the  reaction  yield  in  binary  liquid  systems  is  one  of  the  essential  problems  of  physicochemical  analysis. 

The  first  stage  in  such  a  development  must  be  the  establishment  of  the  condition  that  the  composition" 
“property  diagram  in  binary  liquid  systems  in  general  can  be  connected  with  the  degree  of  chemical  reaction. 
The  present  communication  is  devoted  to  the  investigation  of  this  question  for  one  of  the  best  worked  out  meth¬ 
ods  of  physicochemical  analysis  of  binary  liquid  systems,  viscosimetry. 

We  consider  that  in  the  case  of  the  viscosity  diagrams  of  binary  systems  the  degree  of  chemical  reaction 
must  be  at  least  qualitatively  connected  with  the  magnitude  of  the  viscosity  at  the  maximum  point.  One  of  the 


•We  are  not  considering  here  investigations  of  the  relation  of  the  curvature  of  the  maximum  of  melting  curves 
to  the  degree  of  dissociation  of  the  chemical  compound  (see,  for  example,  [4])  since  in  these  studies  the  prop¬ 
erties  of  the  liquid  phase  are  not  discussed. 
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TABLE  1 

Acetic  Acid- Acid  Systems  at  25* 


Second 

component 

(acid) 

Internal  viscos¬ 
ity  of  second 
component 

Position  of  vis¬ 
cosity  maximum 
(in  mole -*70 
CH3COOH) 

Value  of  vis¬ 
cosity  at  max¬ 
imum  point 
(centipoises) 

Relative 

maximum 

viscosity 

Literature 

Perchloric 

0.795 

67 

42.0* 

52.8 

[8.  9] 

Sulfuric 

23.17 

50 

110.16 

4.75 

[10] 

Nitric 

0.82*  • 

56 

1.874 

2.29 

[12] 

Phosphoric 

164.7 

30 

244.8 

1.49 

[13] 

Chloroacetic 

S- shaped  isotherm 

[H] 

Propionic 

Isotherm  convex  toward  the  composition  axis 

[15] 

•Interpolation  from  data  for  20.  35,  and  50*. 

•  •According  to  data  in  [11],  since  there  are  no  data  on  the  viscosity  of  pure  nitric  acid  in  [12], 

methods  of  following  the  effect  of  the  degree  of  chemical  reaction  on  the  form  of  the  viscosity  diagram  might 
be  comparison  of  several  systems,  where  one  and  the  same  component  reacts  with  a  number  of  others  whose  ac¬ 
tivity  with  respect  to  it  have  been  established  by  independent  methods. 

Several  such  series  are  presented  below,  the  data  for  which  were  drawn  from  literature  sources.  It  must 
be  noted  that  the  possibilities  for  constructing  such  series  proved  to  be  limited,  since  all  the  systems  in  each  series 
must  be  compared  ar  one  temperature  and  furthermore  we  selected  only  those  investigations  which  seemed  to  us  to 
be  ineproachable  with  respect  to  the  reliability  of  the  experimental  data. 

Acetic  Acid  -  Acid  Systems 

Being  a  weak  acid,  acetic  acid  on  reaction  with  many  other  acids  exhibits  a  basic  function.  It  is  obvious 
that  in  binary  systems  made  up  of  acetic  acid  and  various  other  acids,  the  stronger  the  acid  function  of  the  sec¬ 
ond  component  the  more  extensive  will  be  the  reaction. 

It  should  be  noted  that  systems  made  up  of  two  acids  are  especially  convenient  for  following  the  connec¬ 
tion  of  the  degree  of  chamical  reaction  with  the  magnitude  of  a  property  in  binary  systems,  since  the  strengths  of 
the  acids  in  such  solutions  usually  are  considerably  different.  Thus  inorganic  acids  (perchloric,  sulfuric,  hydro¬ 
chloric,  etc.)  which  in  aqueous  solutions  have  approximately  the  same  strength  differ  in  strength  by  1000  times 
and  more  in  acetic  acid  solutions  [G]. 

In  Table  1  the  main  data  are  given  with  respect  to  the  viscosity  diagrams  of  acetic  acid -acid  systems. 
The  position  of  the  viscosity  maxima  in  this  and  subsequent  tables  is  expressed  in  mole  percent  of  the  first  com¬ 
ponent  of  the  scries,  in  this  case  acetic  acid.  The  acids  are  arranged  in  the  order  of  decreasing  acid  function. 

The  values  of  pK  for  the  solutions  of  these  acids  in  acetic  acid  were  determined  by  N.  A.  Izmailov  [7].  Thus,  in 
the  acetic  acid- acid  systems  we  should  expect  a  decrease  in  the  degree  of  chemical  reaction  from  perchloric  to 
propionic  acid. 

From  the  data  of  Table  1  it  can  be  seen  that  it  is  impossible  to  find  an  obvious  connection  between  the 
magnitude  of  the  maximum  viscosity  in  the  binary  system  and  the  degree  of  chemical  reaction.  The  reason  for 
this  is  the  effect  of  the  internal  viscosity  of  the  second  component  on  the  magnitude  of  the  viscosity  at  the  max¬ 
imum.  Actually  the  viscosity  of  phosphoric  acid,  for  example,  exceeds  the  viscosity  of  perchloric  acid  by  more 
than  200  times.  Obviously,  therefore,  the  viscosity  at  the  maximum  point  in  a  acetic  acid- perchloric  acid  sys¬ 
tem  is  considerably  less  than  in  a  system  with  phosphoric  acid,  although  the  degree  of  chemical  reaction  in  the 
first  case  must  be  greater. 
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TABLE  2 

Perchloric  Acid“Acid  Systems  at  50* 


Second 

component 

(acid) 

Internal  vis¬ 
cosity  of  sec¬ 
ond  compo¬ 
nent 

Position  of  vis¬ 
cosity  maxi- 
mum(in  inole- 
%  HCIO4) 

Value  of  vis¬ 
cosity  at  max¬ 
imum  point 

Relative 

maximum 

viscosity 

Literature 

Sulfuric  • 

Isotherm  conve 

i 

;x  toward  cor  ipc 

isition  axis 

- 

[9.  16] 

Trichloroacetic 

Isotherm  convex  toward  composition  axis 

- 

[17] 

Dichloroacetic 

S- shaped  isotherm 

- 

[18] 

Monochloro¬ 

acetic 

2.15 

33 

3.55^* 

1.65 

[19] 

Acetic 

0.742 

33 

12.68 

17.1 

[8] 

Water 

0.549 

50 

31.97 

58.2 

[10] 

•System  investigated  at  25*. 

•  •Interpolation  from  data  for  20,  35,  and  60*. 

TABLE  3 


Monochloroacetic  Acid“Acid  Systems 


Second 

component 

(acid) 

Internal  vis¬ 
cosity  of 
second  com¬ 
ponent 

Position  of  vis- 
. 

t  cosity  maximum 
(in  mole-% 
CHjClCOOH) 

Value  of  vis¬ 
cosity  at  maxi¬ 
mum  point 

Relative 

viscosity 

maximum 

Literature 

Perchloric 

0.55 

67 

2.44 

4.0 

[19] 

Sulfuric 

9.30 

30 

10.2 

1.1 

[21] 

Nitric 

Isotherm  convex  toward  composition  axis 

1 

[21] 

Acetic 

S- shaped  isotherm 

- 

[14] 

Phenol 

2.521 

10 

1  2.527 

1.0 

[22] 

In  order  to  equalize  to  some  extent  the  effect  of  the  viscosity  of  the  second  component  on  the  magnitude 
of  the  maximum,  we  calculated  the  values  of  the  relative  maximum  viscosity,  i-e-,  the  ratio  of  the  magnitude 
of  the  maximum  viscosity  in  the  system  to  the  magnitude  of  the  viscosity  of  the  second  component.  (Inasmuch 
as  all  the  systems  in  each  series  were  compared  at  the  same  temperature,  the  viscosity  of  the  principal  compo¬ 
nent  of  the  series,  in  the  given  case  of  acetic  acid,  is  constant  and  in  the  first  approximation  it  can  be  considered 
that  it  does  not  affect  the  magnitude  of  the  maximum  viscosity  in  the  systems  of  the  series  under  comparison.) 
From  the  data  of  Table  1  it  is  seen  that  the  magnitude  of  the  relative  maximum  viscosity  decreases  regularly 
from  perchloric  to  phosphoric  acid,  in  the  same  direction  in  which  the  acid  properties  of  the  second  components, 
and  consequently  the  degree  of  chemical  reaction,  decrease  In  the  system  with  chloroacetic  acid  the  viscosity 
isotherm  has  no  maximum,  but  is  an  S- shaped  curve-  In  the  system  with  propionic  acid  the  viscosity  isotherm  is 
convex  toward  the  composition  axis,  which  according  to  the  existing  classification  of  viscosity  diagrams  indicates 
the  absence  of  reaction  between  the  components. 
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Perchloric  Acid  - Acid  Systems 


In  Table  2  data  are  given  on  the  viscosity  diagrams  of  perchloric  acid- acid  systems  at  50*.  The  second 
components  are  arranged  in  the  order  of  their  decreasing  acid  functions,  t^asmuch  as  perchloric  acid  is  one  of 
the  strongest  acids,  all  tlie  second  components  in  these  systems  should  be  outstanding  in  relation  to  it  in  basicity, 
as  was  shown  by  the  investigations  of  M-  I.  Usanovich  and  his  co-workers  [16-19]. 

Since  the  basic  functions  of  the  second  components  of  the  perchloric  acid- acid  systems  increase  from  sul¬ 
furic  acid  to  water,  the  degree  of  chemical  reaction  in  these  systems  sho-'ld  increase  in  the  same  direction.  The 
data  of  Table  2  agree  completely  with  these  ideas.  In  the  first  two  systems,  where  the  partners  of  perchloric  acid 
are  extremely  weak  bases- sulfuric  and  trichloroacetic  acids- the  viscosity  isotherms  do  not  indicate  chemical 
reaction.  In  the  following  system  the  isotherm  has  an  S- shaped  form,  which  indicates  a  reaction  between  dichlo- 
roacetic  and  perchloric  acids.  In  the  last  three  systems  the  viscosity  isotherms  have  a  maximum  which  increases 
as  the  degree  of  chemical  reaction  increases.  The  change  in  relative  maximum  viscosity  is  in  the  same  direction 

Monochloroace t ic  Acid-Acid  Systems 

In  Table  3  data  are  given  on  the  viscosity  diagrams  at  60*  of  systems  consisting  of  monochloroacetic  acid 
and  various  other  acids.  The  acids  are  arranged  in  the  table  according  to  decreasing  acid  functions. 

From  the  data  of  Table  3  it  is  seen  that  the  shape  of  the  viscosity  isotherm  changes  regularly  with  the 
change  in  the  degree  of  reaction.  In  the  first  two  systems,  where  monochloroacetic  acid  shows  basic  functions 
with  respect  to  its  partners,  there  is  a  maximum  in  the  isotherms.  In  the  system  with  nitric  acid,  there  is  no  re¬ 
flection  of  reaction  in  the  viscosity  isotherms,  since  the  acid  function  of  nitric  acid  is  more  weakly  expressed 
than  with  perchloric  or  sulfuric  acid.  In  the  next  system -with  acetic  acid- there  is  an  inversion  of  the  function: 
monochloroacetic  acid  begins  to  show  its  acid  properties,  while  its  partner  emerges  as  a  base.  In  conformance 
with  this,  reaction  is  weakly  reflected  in  the  S-shaped  viscosity  isotherm.  In  the  system  with  phenol,  a  stronger 
base  than  acetic  acid,  the  reaction  leads  to  the  appearance  of  a  maximum  in  the  viscosity  isotherms.  ' 

TABLE  4 

Nicotine- Acid  Systems 


Second  component 
(acid) 

Internal 
viscosity  of 
second 
component 

Position  of 
maximum 
(in  mole-‘7i. 
nicotine ) 

Value  of 
viscosity  at 
maximum 
point 

Relative 

viscosity 

maximum 

Literature 

Formic 

0  6S2.5 

31 

10,3.36.5 

1.5.12 

Ij.il 

Acetic 

0..5il7/i 

2.5 

7.6179 

12.75 

\*\ 

Butyric 

().72s;{ 

2,3.4 

5.9923 

8.22 

|••4| 

Oleic 

7.21)24 

23.5 

1  l.S2(lO 

1  .('.3 

|-4| 

Stearic 

8.131)2 

22.S 

13.0609 

1.60 

|.4| 

As  in  the  systems  witli  acetic  acid,  the  change  in  viscosity  at  the  maximum  point  is  not  found  to  have  any 
direct  connection  with  change  in  the  degree  of  chemical  reaction.  The  relative  viscosity  maximum,  however, 
changes  in  accord  with  the  degree  of  chemical  reaction. 

VVe  should  call  attention  to  the  fact  that  the  difference  between  the  magnitudes  of  the  viscosity  maximum 
in  the  systems  with  chloroacetic  acid  is  considerably  less  than  in  the  two  preceding  series.  The  reason  for  this  is 
that  monochloroacetic  acid,  in  contrast  to  acetic  and  perchloric  acids,  has  no  differentiating  effect  on  the  strength 
of  the  acids  dissolved  in  it  [6].  Actually,  perchloric  and  sulfuric  acids  in  acetic  acid  differ  in  strength  by  almost 
1000  times  (pK  is  5.8  and  8.2,  respectively);  in  monochloroacetic  acid  the  difference  in  strength  between  these 
acids  is  very  slight  (pK  is  151  and  1.84,  respectively). 
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TABLE  5 

Proportionality  of  the  Magnitudes  of  the  Viscosity  Maxima  in  Two 
Series  of  Systems 


Second  components  of  the  sys- 

1  Quotient  from  division  of 
relative  viscosity  maxima 

systems  with  | 

systems  with 

terns 

sulfuric  acid  | 

phosphoric  acid 

CIl  ,cooir 

1.9 

1.7 

n  -(;4ii(,(;uoH 

cn.r.ooii 

1.6 

1.5 

iso -0,11., coon 

n-r,4iin(:ooii 

iso-cjiuCOOli 

0.85 

0.S9 

Nicotine -Acid  Systems 

In  Table  4  the  essential  data  are  given  on  the  viscosity  of  nicotine" acid  systems,  which  were  studied  at 
75*.  The  acids  are  arranged  in  order  according  to  the  decrease  in  their  acid  functions  and,  consequently,  the  de* 
grce  of  chemical  reaction  in  the  series  should  decrease  from  formic  acid  to  stearic. 

Although  nicotine  belongs  to  the  strongly  basic  substances  which  sharply  increase  the  strength  of  acids,  the 
difference  in  strength  of  the  latter  is  preserved  and  possibly  even  increased  because  of  the  low  dielectric  constant 
of  nicotine  (8.94  at  20*  [5]). 

In  the  nicotine  “acid  series,  as  in  the  preceding  systems,  it  is  impossible  to  discern  any  regularity  between 
the  magnitude  of  the  viscosity  at  the  maximum  point  and  the  degree  of  chemical  reaction.  Such  a  regularity 
can  be  followed  well,  however,  if  the  relative  viscosity  maximum  is  used,  which  decreases  as  the  strength  of  the 
acid  becomes  weaker. 

The  examples  given  illustrate  the  connection  between  the  degree  of  chemical  reaction  in  binary  liquid  sys¬ 
tems  and  the  appearance  of  the  viscosity  diagrams.  The  number  of  these  examples  could  be  supplemented  also  by 
the  series  acetamide  “acids,  sulfuric  acid“acids,  stannic  chloride  “acids,  ethyl  acetate  -  acids,  antimony  trichlo- 
ride“ acids,  etc.  These  examples,  however,  cannot  illustrate  anything  new  with  respect  to  what  has  been  said. 

The  statement  that  the  relative  viscosity  maximum  in  binary  systems  where  one  component  is  common  is 
a  measure  of  the  degree  of  chemical  reaction  is  not  at  all  quantitative  In  other  words,  if  it  is  found,  for  example, 
that  the  relative  viscosity  maximum  in  the  system  A-B  is  twice  as  great  as  in  the  system  A-C,  then  this,  of  course, 
does  not  mean  that  the  reaction  yield  in  the  first  system  is  twice  as  great. 

However,  there  are  some  bases  for  assuming  that  the  relative  viscosity  maximum  is  connected  with  the  mag¬ 
nitude  of  the  reaction  yield  very  directly.  If  we  take  two  series  of  systems  X“A,  X-B.  .  ,  and  Y“A,  Y“B . 

tlien  in  all  the  systems  of  the  "X"  series  the  degree  of  chemical  reaction  will  differ  from  that  for  the  "Y"  series 
to  the  same  extent  (under  the  condition  that  X  and  Y  on  the  one  hand,  and  A.  and  B  on  the  other  hand,  have  the 
same  chemical  and  classificational  characteristics).  Table  5  illustrates  this  for  the  example  of  two  series  of  sys¬ 
tems:  sulfuric  acid- lower  fatty  acids  and  phosphoric  acid- lower  fatty  acids.  The  values  of  the  viscosity  at  25* 
were  taken  from  references  [13,  25,  26].  It  follows  from  the  data  presented  that  the  magnitudes  of  the  relative 
viscosities  in  the  two  series  are  approximately  proportional  to  one  another. 

SUMMARY 

1.  It  has  been  shown  that  in  binary  liquid  systems  where  there  is  one  common  component,  the  viscosity 
diagrams  are  directly  related  to  the  degree  of  chemical  reaction. 

2.  A  qualitative  change  in  the  degree  of  chemical  reaction  is  expressed  by  a  change  in  the  relative  viscos¬ 
ity  maximum. 
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3.  It  has  been  suggested  that  the  relative  viscosity  maximum  is  a  simple  function  of  the  degree  of  chem¬ 
ical  reaction  in  binary  systems. 
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It  has  been  established  previously  [1-4]  that  an  increase  in  the  electrophilic  nature  of  the  acid  radical  in 
the  molecule  of  an  ester  leads  to  a  decrease  in  the  donor  properties  of  the  oxygen,  as  a  result  of  which  the  stabil¬ 
ity  of  the  esterates  of  titanium  tetrachloride  is  considerably  decreased. 

In  the  present  communication  we  present  the  results  of  measurements  of  the  dielectric  permeability  of  sys¬ 
tems  formed  by  titanium  tetrachloride  with  ethyl  trichloroacetate,  n- butyl  trichloroacetate,  isobutyl  trichloro- 
acetate,  and  isoamyl  trichloroacetate.  Furthermore,  we  present  the  results  of  determinations  of  the  dipole  mo¬ 
ments  for  some  esterates  of  TiCl^  •  E,  where  E  is  an  ester  molecule. 

The  preparation  and  purification  of  the  esters  and  the  titanium  tetrachloride,  and  also  the  methods  of  meas¬ 
uring  the  dielectric  constant,  the  density,  and  the  refractive  index  have  been  described  in  previous  communica¬ 
tions  [1,  3,  5].  Here  we  shall  merely  note  that  all  measurements  were  made  at  20  ±  0.1*. 

In  Tables  1-4  the  results  are  given  of  measurements  of  the  dielectric  constants (e ),  densities  (d),  refractive 
indices  (njj),  and  also  the  calculated  values  of  the  orientational  polarization  and  the  average  dipole  moments  of 
the  systems  formed  by  titanium  tetrachloride  vrith  the  above-mentioned  esters  of  trichloroacetic  acid.  In  the  last 
two  columns  of  the  tables  are  given  the  deviations  of  the  dielectric  constant  and  the  polarization  from  the  addi¬ 
tive  values. 

The  magnitudes  of  the  orientation  and  the  dipole  moment  were  calculated  by  a  formula  proposed  by  one  of 
us  [6],  which  connects  the  dielectric  constant  of  a  pure  polar  liquid  with  its  dipole  moment.  In  the  case  of  binary 
liquid  systems  the  formula  takes  the  following  form; 

_r  (,_1)(e-|-2)  (n2_1)(n2-i-2)-] 

X  L  be  ~  8ni  J  ’ 

where  Zp  is  the  average  dipole  moment,  Xj  is  the  mole  fraction  of  the  first  component,  Mj  and  Mj  are  the  mo¬ 
lecular  weights  of  the  components,  e,  d,  and  n  are  the  dielectric  constant,  the  density,  and  the  refractive  index 
of  the  system  as  a  whole,  and  is  the  orientational  polarization  of  the  solution. 

If  the  components  of  the  system  do  not  change  their  molecular  condition  over  the  entire  concentration  range, 
then  the  magnitudes  of  the  polarization  (por)  and  the  average  dipole  moments  (Ep)  calculated  by  the  above  for¬ 
mula  will  be  equal  or  close  to  the  sum  of  the  polarizations  and  the  moments  of  the  individual  components  [7,  8]. 
The  presence,  however,  of  a  chemical  reaction  between  the  components  with  the  formation  in  the  system  of  com¬ 
plex  compounds  of  a  definite  composition  leads  to  deviation  of  the  polarization  and  the  average  dipole  moments 
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TABLE  1 

The  System  TiCl^~Cl3pCOOC2H5 


Mole  °JooS. 
ester 

•20® 

w20 

‘*4 

n20 

9 

por 

APO' 

At 

n.()0 

2.7.S9 

1 .7255 

1 .5856 

2000 

5.306 

1.6.530 

1..5741 

48.45 

1..54 

23.80 

1.48 

35.00 

6.464 

1.6085 

1.5.5.30 

67.87 

l.Sl 

24.74 

1.67 

ro.oo 

7.H40 

1 .5562 

1 .5202 

91.40 

2.10 

29.87 

2.23 

65.00 

8.638 

1..5061 

1..5070 

111.87 

2.32 

31.77 

2.30 

8.7.52 

1.4.538 

1.4828 

118.84 

2.41 

20.25 

1.45 

lOO.(H) 

8.428 

1.3S14 

1.4492 

123.24 

2.48 

~ 

— 

TABLE  2 

The  System  TiCl4-n-Cl/:COC)C4H9 


Mole  ‘7'’ of 
ester 

•20'' 

**4 

n20 

9 

por 

III 

AP'" 

Ac 

0.00 

2.789 

1.72.55 

1 .58.56 

20.00 

5.283 

1.6124 

1  ..5693 

49.21 

1.54 

23.30 

1..56 

35.00 

6.420 

1.5.366 

1..54.51 

74.05 

1.88 

28.71 

1.98 

50.00 

7.231 

1 .4695 

1.5214 

9.3.98 

2.12 

29.20 

207 

65.00 

7.593 

1.4043 

1.4990 

110.31 

2.31 

26.10 

1.75 

80.00 

7..591 

1.3449 

1.4788 

120..34 

2.41 

16.69 

1.26 

100.00 

7.480 

1.2728 

1.4.508 

129.56 

2.51 

— 

— 

TABLE  3 

The  System  TiC  14-130-013000004119 


Mole  ‘’/oof 
ester 

'20® 

**4 

♦  «20 
n 

9 

pOr 

1(1 

AP°' 

At 

0.00 

2.789 

1.72.55 

1  ..5856 

"  ■ 

20.00 

5.467 

1.60S7 

1 .5705 

.52..5.5 

1.60 

24.69 

1.71 

35.00 

6.754 

1.. 5.325 

1.54.36 

80.29 

1.96 

31.53 

2.25 

50.(K) 

7..572 

1.4616 

1..5242 

102.76 

2.23 

3.3.10 

2.34 

6.5.(K) 

7.9.30 

1..3976 

1..5003 

118.86 

2.40 

28.32 

1.97 

80.00 

8.079 

1.3372 

1.47.58 

1.30.29 

2.51 

18.83 

1.39 

100.00 

7.667 

1.2618 

1.4470 

139..32 

2.60 

— 

— 

TABLE  4 

The  System  TiOl4- iso-OlaOOOOOjHn 


Mole  ‘7<’of 
ester 

‘20’ 

n2« 

9 

T3 

0 

•1 

III 

^por 

At 

0.00 

2.789 

1 .72.55 

1  ..58.56 

20.00 

.5.110 

1  ..591 

1  ..5664 

46.36 

1..50 

1,8.47 

1.41 

35.00 

6.461 

l..'’)<«>2 

1.. 54.50 

78.26 

1.94 

29  46 

2  09 

50.00 

7.263 

1.4.312 

1.51,89 

10.3.16 

2.23 

33  44 

2.21 

6.5.00 

7. .528 

1 .36.3.3 

1.49'6 

119.04 

2.39 

29.40 

1.81 

80.(K) 

7.6.34 

1..30I4 

1.4768 

1.32.00 

2.53 

20.44 

1.24 

100.00 

7.287 

1.2300 

1.4490 

139.45 

2.60 
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TABLE  5 

Dipole  Moments  of  a  Number  of  Complexes  of  TiCl4 


Ester 

Dipole  moment  of 
esterate  TiCl^  ’  E 
(in  debye  units) 

Ethyl  trichloroacetate 

2.10 

n- Butyl  trichloroacetate 

2.12 

Isobutyl  trichloroacetate 

2.23 

Isoamyl  trichloroacetate 

2.23 

Ethyl  acetate 

4.95 

Ethyl  propionate 

4.88 

n- Butyl  acetate 

4.86 

Isoamyl  acetate 

4.48 

from  the  additive  values.  The  deviation  from  additivity  should  be  proportional  to  the  concentration  of  the 
complex  compound  formed  in  the  system,  which  makes  it  possible  to  judge  the  composition  of  the  latter  com¬ 
pound.  It  follows  from  the  data  in  Tables  1-4  that  the  deviations  of  the  magnitudes  of  the  dielectric  constants 
and  the  polarizations  from  additivity  in  all  the  systems  investigated  are  considerable;  the  maximum  deviations 
are  in  the  region  of  concentrations  conesponding  to  equimolecular  ratios  of  the  components. 

This  circumstance  permits  the  conclusion  that  in  the  systems  investigated  by  us  the  formation  of  the  ester- 
ates  TiCl^  •  E  takes  place,  with  the  esterates  being  highly  dissociated  at  20*  in  the  liquid  phase. 

Investigations  6f  a  number  of  physicochemical  properties  (viscosity,  electrical  conductivity,  heats  of  mix¬ 
ing)  have  shown  that  in  systems  formed  by  titanium  tetrachloride  with  esters  of  acetic  acid  more  stable  complexes 
are  obtained  in  the  liquid  phase  than  with  the  corresponding  esters  of  the  chloroacetic  acids  [1.  3].  As  an  exam¬ 
ple  ,  we  shall  compare  the  magnitudes  of  the  dipole  moments  of  the  complex  compounds  of  titanium  tetrachlo¬ 
ride  with  ethyl,  propyl,  n- butyl,  and  isoamyl  acetates,  determined  by  us  from  benzene  solutions,  with  the  dipole 
moments  of  the  esterates  TiCl*  ’  E  of  trichloroacetic  acid.  These  data  are  given  in  Table  5. 

From  the  data  of  Table  5  it  is  clear  that  the  introduction  of  chlorine  atoms  into  the  acid  radical  of  the  ester 
leads  to  a  considerable  decrease  in  the  magnitude  of  the  dipole  moments  of  the  complex  compounds  formed  with 
titanium  tetrachloride. 

It  must  be  noted  that  the  dipole  moments  of  the  esterates  were  determined  from  dilute  benzene  solutions, 
where  the  complex  should  be  subject  to  a  large  degree  of  dissociation.  The  esterates  of  TiCl4  with  trichloroace¬ 
tic  acid  in  dilute  benzene  solutions  ate  almost  completely  dissociated.  All  this  confirms  the  conclusion  dravmas 
to  the  low  stability  of  the  complex  compounds  TiCli  '  CljCCOOR  in  the  liquid  phase  and  permits  the  assumption 
that  with  an  increase  in  the  negative  inductive  effect  of  the  acid  radical,  there  is  a  decrease  in  the  dipole  mo¬ 
ment  of  the  esterates,  and  consequently  in  their  stability. 

This  circumstance  may  be  of  definite  interest  in  the  selection  of  cocatalysts  (activators)  for  polycondensa¬ 
tion  of  polymerization  reactions.  For  example,  the  pol^Tnerization  of  styrene  under  the  influence  of  TiCl*  in 
toluene  and  hexane  solutions  takes  place  only  in  the  presence  of  trichloroacetic  acid,  with  which  TiCl4  gives  a 
very  unstable  polar  complex  that  apparently  is  the  active  origin  of  the  polymerization  [9,  10]. 

In  conclusion,  let  us  note  that  we  have  determined  the  dipole  moments  of  all  four  of  the  esters  of  trichltwo- 
acetic  acid  that  were  investigated.  The  moments  obtained  (Tables  1-4)  lie  within  the  limits  2.4S-2.60  D,  i.e., 
their  magnitude  is  of  the  same  order  as  is  usually  observed  for  members  of  a  single  homologous  series.  In  the 
literature  the  dipole  moment  is  given  only  for  ethyl  trichloroacetate ;  it  is  2.55  D  [11],  which  agrees  closely  with 
our  data. 
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SUMMARY 


1.  The  dielectric  constants,  refractive  indices,  and  densities  of  solutions  of  titanium  tetrachloride  in  ethyl 
trichloroacetate.  n*  butyl  trichloroacetate.  isobutyl  trichloroacetate.  and  isoamyl  trichloroacetate  have  beenmeas 
ured- 

2.  The  magnitudes  of  the  dielectric  constant  and  the  orientational  polarization  shovr  that  in  solutions,  of 
titanium  tetrachloride  in  esters  of  trichloroacetic  acid  at  20*.  very  highly  dissociated  compounds  of  equimolecu* 
lar  composition  are  formed- 

3.  The  dipole  moments  of  ethyl  trichloroacetate,  n- butyl  trichloroacetate.  isobutyl  trichloroacetate,  and 
isoamyl  trichloroacetate  have  been  determined. 
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In  the  course  of  the  last  several  years  we  have  investigated  the  alkylation  of  halogenated  phenols  and  hal- 
ogenated  anisolcs  with  olefins  in  the  presence  of  catalysts  based  on  boron  fluoride  and  have  shown  that  this  reac¬ 
tion  is  a  very  convenient  laboratory  method  for  the  preparation  of  interesting,  but  still  not  readily  available  alkyl- 
halogenophenols  and  their  methyl  ethers.  In  the  development  of  these  investigations,  we  report  in  the  present 
communication  the  results  of  the  alkylation  of  2-  and  4-chloroanisoles  by  pentene-1  in  the  presence  of  H3P04* 
It  has  been  found  that  in  contrast  to  the  reaction  of  4-chloroanisole  with  propylene  and  cyclohexene,  and  also  of 
4- bromoanisole  with  propylene,  pseudobutylene .aatd  cyclohexene  [1],  in  this  case  only  mono- sec- amylchloroani- 
soles  are  obtained.  2-Chloroanisole  is  alkylated  by  pentene-1  approximately  1.5  times  more  easily  than  4-chlo¬ 
roanisole  under  similar  conditions.  The  optimum  ponditions,  under  which  4-sec- amyl- 2-chloroanisole  was  ob¬ 
tained  in  86*70 yield,  were  molar  proportions  of  2-chlorophenol,  pentene,  and  catalyst  of  3  ;  1 ;  0.1  and  a  temper¬ 
ature  of  40*.  For  the  preparation  of  2-sec-amyl-4-chloroanisole  in  54*7°  yield,  molar  proportions  of  the  reactants 
and  the  catalyst  of  4  ;  1 ;  0.2  and  a  temperature  of  40*  were  required  The  yield  of  alkylation  products  was  not 
substantially  affected  by  the  temperature  within  limits  of  20-60*,  proportions  of  the  reactants  from  4  ;  1  to  2  : 1, 
nor  amounts  of  catalyst  within  the  limits  0.1-0. 3  mole  per  mole  of  pentene-1.  The  best  results  were  obtained 
when  all  of  the  calculated  amount  of  chloroanisole  was  added  at  once  to  the  catalyst  and  the  pentene-1  was  added 
slowly  to  this  mixture-  When  the  pentene-1  was  mixed  with  part  of  the  chloroanisole  intended  for  alkylation,  the 
yield  of  alkylation  products  was  a  little  less. 


EXPERIMENTAL 

2-  and  4-Chloroanisoles  were  synthesized  by  diazotization  of  2-  and  4-  anisidines  and  cleavage  of  the  diazo 
derivatives  in  a  manner  similar  to  the  synthesis  of  4-chlorotoluene  [2].  Pentene-1  was  prepared  by  dehydration  of 
normal  primary  amyl  alcohol  over  AI2O3,  b.p.  31*,  d®4  0.6410,  n®D  1.3712. 

The  alkylation  was  carried  out  by  a  method  previously  used  [3],  adding  pentene-1-  to  a  stirred  mixture  of 
the  chloroanisole  and  catalyst.  In  separate  experiments  with  4-chloroanisole,  part  of  the  chloroanisole  was  mix¬ 
ed  with  the  pentene-1  and  added  to  the  catalyst  and  the  rest  of  the  4-chloroanisole.  Addition  of  the  pentene-1 
usually  was  accompanied  by  the  evolution  of  heat,  and  therefore  in  experiments  at  room  temperature  the  reac¬ 
tion  mixture  was  cooled  with  cold  water.  After  introduction  of  the  calculated  amount  of  pentene- 1,  the  mixture 
was  stirred  for  2  hr  more  at  the  temperature  of  the  experiment.  At  the  end  of  the  reaction  it  had  the  appearance 
of  a  clear  light  yellow  oil,  which  on  treatment  with  water  and  sodium  carbonate  solution  became  colorless.  The 
reaction  products  came  over  in  the  first  distillation  of  the  alkylate  almost  entirely,  vnthin  a  range  of  2-4*.  When 
the  alkylate  obtained  from  2-chloroanisole  was  distilled,  the  residue  in  the  flask  after  the  distillation  amounted 
to  0.6-1. 2  g,  and  from  the  4- chloroanisole  it  was  about  2-4.6  g.  For  identification,  the  alkylation  products  of  all 
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TABLE  1 

Alkylation  of  2-Chloroanisole  with  Pentene-1 


Expt.  No. 

Molar  pro¬ 
portions  of 
r.hloro.ini- 

Reaction 
temperature 
(±  2*) 

4-sec-  Amyl-  2-  chloro¬ 
anisole 

sole,  pen¬ 
tene-1,  and 
catalyst 

yield 
(in  %) 

boiling  limits 
(pressure  in 
mm) 

1 

2 

1 

0.2 

40® 

80.9 

107—1100(2) 

2 

3 

1 

0.1 

40 

86.1 

108-110  (2) 

3 

3 

1 

0.2 

20 

81.9 

108-110  (2) 

4 

3 

1 

0.2 

30 

82.4 

107—109  (2) 

.5 

3 

1 

0.2 

40 

83.8 

107-110  (2) 

6 

3 

1 

0.2 

60 

85.8 

107-110  (2) 

7 

3 

1 

0.3 

40 

83.3 

108-111  (3) 

8 

4 

1 

0.2 

40 

84.3 

108—111  (3) 

TABLE  2 

Alkylation  of  4-ChloroanisoIe  with  Pentene-1 


Expt.  No. 

Molar  pro¬ 
portions  of 
chloroani¬ 
sole,  pen¬ 
tene-1,  and 
catalyst 

1 

Reaction 

temperature 

(±2") 

2-sec-Amyl-4-chloro- 

anisole 

yield 
(in  “y*’) 

boiling  limits 
at  2  mm 

1 

3  :  1  : 0.2 

30° 

48.9 

102-106° 

2 

3:1: 0.2 

40 

50.4 

102—106 

3 

3  : 1  : 0.2 

60 

49.4 

104—106 

4 

3 :  1  : 0.3 

40 

52.5 

102—106 

5 

4  : 1  : 0.2 

40 

54.1 

103—106 

6 

4:1: 0.2 

40 

47.1 

101-105 

7 

4  : 1  :  0.3 

40 

53.7 

102-106 

the  experiments  were  combined  and  again  distilled.  Their  composition  and  structure  were  determined  by  anal¬ 
ysis  for  chlorine  by  the  Carius  method,  by  demethylation  to  the  corresponding  phenols,  and  by  conversion  of  the 
latter  to  phenoxyacetic  acids.  The  results  of  the  experiments  are  given  in  Tables  1  and  2. 

For  each  experiment  0.1  mole  of  pentene-1  and  the  appropriate  amounts  of  chloroanisole  and  catalyst  were 
used.  In  Expt.  6  (Table  2)  part  of  the  4- chloroanisole  was  added  to  the  catalyst,  and  part  was  mixed  with  the 
pentene-1  and  introduced  at  the  time  of  reaction. 

4- sec- Amyl-  2- chloroanisole  was  a  colorless,  mobile  oil  with  a  pleasant  odor. 

B.p.  107-108*  at  3  mm,  d“4  1.0514,  n^D  1.5187,  MRp  61.30;  calc.  60.53. 

Found  %  Cl  16.47,  16.38.  C12H17OCI.  Calculated  %  Cl  16.67. 

4-sec- Amyl-2-chlorophenol  was  obtained  in  72.7%yield  by  demethylation  of  4- sec- amyl- 2- chloroanisole 
with  HBr 

B.p.  90-91*  at  3  mm,  d”4  1.0798,  n^D  1.5240,  MRp  56.30;  calc.  55.78. 

4-sec-Amyl-2-chlorophenoxyacetic  acid  was  obtained  from  4-sec- amyl- 2-chlorophenol  as  white  crystals, 
m.p.  59-60"  (from  petroleum  ether). 

2-sec-Amyl-4-anisole  was  a  colorless  oil. 

B.p.  99*  at  2  mm,  d®4  1.0423,  n^D  1.5152,  MR^  61.53;  calc.  60.53. 


3825 


Found  %  Cl  16.50,  16.44.  C^HitOCI.  Calculated  %;  Cl  16.67. 

2-sec-Amyl-4-chlorophenol  was  obtained  in  64.3%  yield  by  demethylation  of  2-sec*amyl-4-chloroani- 
sole.  B.p.  110-112*  at  3  mm,  m.p.  58  -  59*  (from  petroleum  ether). 

2-sec-Amyl-4-chlorophenoxyacetic  acid  was  obtained  in  46.2% yield  from  2-sec-amyl-4-chlorophenol. 
M.p.  100-101*  (from  water). 


SUMMARY 

The  alkylation  of  2-  and  4-chloroanisoles  with  pentene-1  in  the  presence  of  the  catalyst  BF3  HSPO4  has 
been  studied. 

Conditions  have  been  found  under  which  4-sec-amyl-2-chloroanisole  and  2-sec-amyl-4-chloroanlsole are 
obtained  in  yields  of  86  and  54%,  respectively.  The  alkylchloroanisoles  mentioned  were  demethylated  to  4-sec- 
amyl- 3- chlorophenol  and  2-sec- amyl- 4- chlorophenol,  respectively. 
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DEMETHYLATION  OF  A  L  K  Y  LH  A  LO  G  E  N  O  A  N  ISO  LE  S 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  12,  pp.  3872-3873. 
December.  1960 

Original  article  submitted  February  4.  1960 


The  alkylhalogcnoanisoles  are  still  not  very  readily  available,  and  therefore  their  chemistry  has  received 
almost  no  study.  We  have  demethylated  some  alkylhalogenoanisoles.  In  this  we  did  not  have  as  our  goal  the 
study  of  the  rate  of  demethylation  or  finding  the  most  favorable  conditions  for  the  reaction,  but  solved  only  the 
problem  of  the  synthesis  of  alkylhalogcnophenols.  In  spite  of  this,  the  results  obtained  permit  some  interesting 
conclusions  regarding  the  relationship  of  the  anisole  group  to  hydrobromic  and  hydriodic  acids.  First  of  all  we 
found  that  all  the  monoalkyl  substituted  o-  and  p- fluoroanisoles  and  o-  and  p-chloroanisoles  investigated  could 
be  demethylated  to  the  corresponding  alkylhalogcnophenols  on  prolonged  heating  with  HI  or  HBr.  In  this  process 
the  cleavage  is  not  quantitative-  It  is  easier  to  demethylate  the  4-alkyl-2-halogenoanisoles,  in  which  the  ease 
of  demetliylation  increases  with  an  increase  in  the  alkyl  radical.  Of  the  14  alkylhalogenoanisoles  studied,  it  was 
easiest  to  dcmethylate  4-sec-amyl-2- fluoroanisole  to  4-sec- amyl- 2- fluorophenol  in  88%yield. 

2,6- Dialkyl- 4- halogenoanisoles  under  ordinary  conditions  are  not  demethylated  by  the  action  of  HI  or  HBr 
because  of  the  blocking  of  the  methyl  group  by  the  two  alkyl  radicals  which  are  in  the  two  ortho  positions.  On 
prolonged  heating  of  2- cyclohexyl- 4- chloroanisole  with  HI,  in  addition  to  demethylation  there  also  occurs  the 
splitting  off  of  a  chlorine  atom,  and  as  a  result  2-cyclohexylphenol  is  obtained  together  with  the  expected  2-cy-j 
c  lohe  X  y  1  -  4  -  c  hlor  ophe  no  I . 


EXPERIMENTAL 

The  alkylhalogenoanisoles  necessary  for  the  investigation  were  prepared  by  alkylation  of  the  corresponding 
halogenoanisoles  by  olefins  in  the  presence  of  catalysts  based  on  boron  fluoride  in  yields  close  to  quantitative. 
Demethylation  was  carried  out  in  the  following  way.  In  a  250- ml  round- bottomed  flask  were  placed  10-15  g  of 
alkylhalogenoanisole,  100  ml  of  HI  (d  1.7)  or  48‘7(’HBr,  and  50-70  ml  of  acetic  anhydride  and  the  mixture  was  re¬ 
fluxed  at  gentle  boiling  for  45-55  hr.  After  the  reaction  mass  had  cooled,  it  was  diluted  with  water,  neutralized 
with  sodium  carbonate,  acidified  to  congo  with  hydrochloric  acid,  and  extracted  with  10*70 aqueous  sodium  hydrox¬ 
ide  solution.  The  alkaline  solution  was  acidified  with  concentrated  hydrochloric  acid.  The  phenolic  product  that 
separated  out  upon  this  treatment  was  extracted  with  benzene,  the  benzene  solution  was  washed  with  water,  dried 
with  sodium  sulfate,  and  distilled.  The  constants  of  the  staning  alkylhalogenoanisoles  and  also  of  the  demethyl¬ 
ation  products,  the  alkylhalogcnophenols,  and  their  yields  are  given  in  the  table. 

SUMMARY 

Fourteen  monoalkyl  substituted  o-  and  p-fluoro-  and  o-  and  p-chloroanisolcs  have  been  demethylated  to 
the  corresponding  alkylhalogcnophenols.  The  effect  of  the  structure  of  the  alkylhalogenoanisoles  on  the  ease  of 
demethylation  has  been  shown. 
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.iterature  data;  b.p.  140-142  at  2  mm; 
’Prepared  previously  [3]. 


LITERATURE  CITED 


1.  R.  R.  Burtner  and  J  M.  Brown,  J.  Chem.  Soc.  1953.  2334. 

2.  A.  R.  Abdurasuleva  and  L.  G.  Mzhel'skaya.  Zhur.  Obshchei  Khim.  4025  (1959). 

3.  S.  V.  Zavgorodnii  and  E.  M.  Faustova,  Zhur.  Obshchei  Khim.  1651  (1953). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by*letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri- 
orfical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


3829 


CYCLOPROPANES  AND  CYCLOBUTANES 
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In  our  previous  communications  [1-4]  devoted  to  the  arylcyclopropanes  we  noted  facts  concerning  the  effect, 
of  the  aryl  radical  on  the  reactivity  of  the  three- membered  ring  connected  to  it.  Thus,  it  was  found  that  the  tend¬ 
ency  to  polymerization  under  the  influence  of  aluminum  chloride  increased  greatly  in  the  order;  phenylcyclo- 
propane"  p-tolylcyclopropane“p-anisylcyclopropanc  [2];  the  three -membered  ring,  which  breaks  easily  under  the 
infliiencc  of  mercuric  salts  in  phenylcyclopropane  [3],  p-tolylcyclopropane  and  p-anisylcyclopropane  ,[4],  proved 
to  be  stable  in  p-nitrophenylcyclopropane  [1].  In  order  to  develop  these  observations  it  was  necessary  to  workout 
a  method  of  synthesizing  phenylcyclopropanes  ccaitaining  different  substituents  in  the  benzene  ring. 

As  a  starting  material  for  the  preparation  of  such  compounds,  we  used  p-aminophenylcyclopropane,  which, 
as  has  been  shown  in  a  previous  communication  [1],  is  easily  obtained  by  the  nitration  of  phenylcyclopropane  and 
subsequent  reduction  of  the  nitro  group  to  an  amino  group;  replacement  of  the  latter  in  the  p-aminophenylcyclo¬ 
propane  by  other  substituents  was  accomplished  by  the  diazo  reaction.  In  this  way  we  prepared  p-hydroxy-,  p- 
chloro-,  and  p-bromophenylcyclopropanes. 


CII.,  r.ilj 

/\  /\ 
p-ll,N-CoIl4-Cll-(;il2  — >  p-X— ColU-ClI-CIla 
X  =  CH,  Cl  &  Ur. 


p-Aminophenylcyclopropane  was  used  also  for  the  synthesis  of  p-dimethylaminophenylcyclopropane. 


Cllj 

/\ 

p-II.,N-Cr.ll4— CH-C!I« 


<cn,()),so, 

benzeneSi'® 


CII, 

Cllav  /V 

>N— C,ll4--CH-CH, 

C]]/ 


Investigation  of  the  Raman  spectra  of  the  phenylcyclopropanes  prepared  showed  (by  the  absence  of  frequen¬ 
cies  in  the  region  1640-1680  cm  that  they  did  not  contain  contamiiuting  unsaturated  compounds;  in  the  region 
of  1600  cm'^.  there  were  intense  frequencies  that  were  related  to  the  aromatic  ring;  in  the  region  1200- 1260 cm"* 
we  observed  lines  characteristic  of  the  phenylcyclopropane  molecule  [5,  6]. 


The  arylcyclopropanes  synthesized  were  characterized  by  their  UV  absorption  spectra  (Figs  land  2).  The 
absorption  curves  had  the  same  character  as  the  absorption  curves  for  p-tolylcyclopropane  [5]  and  p-aminophenyl 
cyclopropane  [1]  Characteristic  minima  were  observed  in  the  region  230-250  and  277-278  m/i,  and  also  a  char¬ 
acteristic  maximum  was  observed  in  the  region  280-285  mp. 
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Fig.  1.  1)  p-Hydroxyphenylcyclo- 


Fig.  2.  1)  p-Chlorophenylcyclopro* 


propane  240,  log  2.37; 

^max  ®max  ^min 

277.  log  e^in  3.24;  X^,^  279; 
log  2)  p-dirnethylamino- 

phenylcyclopropane  (Xjp^p  233,  log 
eniin3-68:  X^^^  250.  log  6^3^3.84; 
^min  277.  log  3.21;  Xj^^x  283; 
log  ejpax  3-23). 


<^min  246.  log  2.48; 

^max  log  ^max  ^ 

log  epiin  2.59.  X^^^^  272.  log  e^ax 

2-62;  Xj^jp  278,  log  Cp^ip  2.42; 

^max  log  ®rnax  ^  2)  p* 

bromophenylcyclopropane  (Xp^ax  ^^3; 
log  %iax  3-91;  Xj^^  252;  log  Cp^jp 
2.35;  266;  log  e^^^x  2.52; 

^min  log  ^min  2-51;  Xp^j^x  273; 

log  ®max  2-56;  2'13;  log  6mip 

2.36;  280,  log  Bpjax  2-43). 


Yield  77%. 


EXPERIMENTAL 

p-Aminophcn/lcyclopropanc  was  prepared  from  phenyl- 
cyclopropane  by  nitration  and  subsequent  reduction  of  thenitro 
derivative  with  powdered  iron  and  hydrochloric  acid  in  calcium  chloride  solution  [1]. 


B.p.  103-104'  (9  mm).  n^D  1.5810,  d”^  1.0290,  MRp  43.16.  C^HuNPaA.  Calculated  42.97. 
Literature  data  [1]:  b.p.  100-101'  (8  mm).  n“D  1.5811.  d“4  1.0291. 


p- Hydroxyphenylcyclopropane  was  prepared  from  p-aminophenylcyclopropane  by  the  method  for  preparing 
phenol  from  aniline.  Yield  50%. 

B.p.  98'  (7  mm).  n^D  1.5618,  d”4  1.0752,  MRd  40.40.  C9H10OF3A.  Calculated  40.20. 

Found  %:  C  80.90,  80.79;  H  7.63.  7.58.  C,HioO.  Calculated  %:  C  80.56;  H  7.51. 

p-Chlorophenylcyclopropane  was  prepared  from  p-aminophenylcyclopropane  by  the  diazo  reaction  by  the 
same  method  used  for  the  preparation  of  p-chlorotoluene  from  p-toluidine.  Yield  59% 

B.p.  76-77'  (7  mm).  n^D  1.5516.  d“4  1.1122,  MRp  43.79.  C9H9CIF3A.  Calculated  43.54. 

Found  %:  C  71.35.  71.47;  H  6.11.  6.22.  CjHjCl.  Calculated  %;  C  71.08;  H  5.95. 


p- Bromophenylcyclopropane  was  prepared  from  p-aminophenylcyclopropane  by  the  method  for  preparing 
p-bromotoluene  from  p-toluidine.  Yield  30% 

B.p.  101-102'  (11  mm).  n^D  1.5773.  d®4  1.3902,  MRp  46.93.  CjHjBrpsA.  Calculated  46.44. 

Found  %:  C  55.06.  55.29;  H  4.66.  4.71.  CjHgBr.  Calculated  %:  C  54.84;  H  4.58. 

p-Dimethylaminophenylcyclopropane.  In  a  500- ml  flask  with  a  reflux  condenser  was  placed  a  solution  of 
54  g  of  p-aminophenylcyclopropane  in  200  ml  of  dry  benzene,  and  then  53  g  of  dimethyl  sulfate  was  added.  When 
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the  violent  stage  of  the  reaction  ended,  the  mixture  vras  boiled  for  7  hr,  the  benzene  was  distilled  off,  and  the 
residue  was  heated  with  41  g  of  acetic  anhydride  for  another  4  hr.  Sixty  ml  of  40*70  sodium  hydroxide  solution 
was  added  to  the  reaction  mixture  and  the  p-dimethylaminophenylcyclopropane  that  separated  out  was  steam- 
distilled  off,  dried  with  granular  potassium  hydroxide,  and  distilled  in  vacuum.  Yield  16  g  (25‘7'>). 

B.p.  97-98*  (7  mm),  n^D  1.5474,  d“4  0.9757,  MRp  52.40?  ChHisNfsA.  Calculated  51.85. 

Found  %;  C  81.91,  82.02;  H  9.57,  9.52.  CuHijN.  Calculated  C  81.91;  H  9.38. 

Raman  spectra  of  the  phenylcyclopropanes  synthesized  were  determined  in  an  ISP- 51  apparatus  with  a  silt 
width  of  6  cm'^The  intensity  of  the  lines  was  evaluated  visually  on  a  nominal  scale  where  for  10  nominal  units 
we  took  the  intensity  of  the  lines  at  1370  cm'^  (for  p-hydroxyphenylcyclopropane),  1593  cm*^  (for  p-chlorophenyl- 
cyclopropane),  1364  cm‘^  (for  p-bromophenylcyclopropane),  and  1204  cm'^  (for  p-dimethylaminophenylcyclo- 
propane ). 

p-Hydroxyphenylcyclopropane.  242  (2),  295  (2).  357  (1),  434  (0.5),  494  (0.5),  518  (2).  530  (2),  603  (1), 

635  (0.5).  707  (1),  769  (0).  842  (2),  862  (0.5),  892  (0.5),  992  (1),  1037  (15).  1107  (0,5),  1170  (2).  1211  (1).  1258(12), 
1312  (0).  1370  (10).  1427  (2).  1460  (10).  1518  (2).  1571  (1),  1610  (14). 

p-Chlorophenylcyclopropane.  127  (4),  201  (4).  276  (1.5),  333  (1).  402  (6).  444  (2.5), 474  (0.5),  5.18  (2) 

546  (0).  567  (2.5),  621  (1).  647  (0.5), 671  (10).  753  (2).  792  (1.5),  822  (1.5),  833  (0.5),  860  (1).  887  (3),  912  (1.5), 
965  (1).  996  (0),  1030  (12).  1046  (0).  1092  (1).  1133  (1.5),  1165  (2.5).  1175  (2).  1196  (0).  1219  (9).  1240  (0).1275 
(3).  1362  (6),  1426  (1.5),  1460  (1.5),  1482  (2.5),  1540  (0.5),  1570  (1),  1593  (10). 

p-Bromophenylcyclopropane.  192  (4).  248  (1),  303  (3).  340  (2  5).  387  (0).  434  (1.5),  518  (1).  530  (1),  550  (1), 
603  (0.5),  635  (0.5),  655  (8),  746  (3).  790  (0.8),  814  (0.5).859  (0.5),887  (3),  910  (3).  970  (0.5),  1025  (18).  1080  (1). 
1107  (0.5),  1117  (1).  1165  (2.5),  1183  (1.5),  1219  (16),  1270  (2),  1364  (10),  1426  (0.8),  1459  (1).  1473  (1).  1545(0), 
1570  (0.5),  1593  (20). 

p-Duncthylaminophenylcyclopropane.  172’(6),  238  (0.2),  257  (0.5),  295  (0.5),  343  (8),  373  (1),  434  (0), 

494  (1).  530  (0.5),  560  (1).  574  (2.5),  603  (0),  634  (1).  695  (12),  718  (0),  746  (1).  769  (2).  793  (1).  824  (2), 852(1), 
893-907  (4).  950  (2.5),  978  (0.5),1020  (2),  1038  (15).  1065  (1.5),  1096  (0.5),  1117  (0.5),  1144  (2).  1165  (8),  1172 
(0.5),  1204  (10).  1257  (0).  1296  (2.5),  1315  (2.5).1357  (5),  1408  (1),  1426  (2.5),  1460  (2).  1473  (1).1497  (3),  1545 
(0.5),  1570  (1).  1601  (40). 


SUMMARY 

p- Aminophenylcyclopropane  was  used  for  the  preparation,  by  the  usual  reactions,  of  phenylcyclopropanes 
not  previously  described,  which  were  substituted  in  the  para- position" p- hydroxy-,  p-chloro-,  p-bromo-,  and  p- 
dimethylaminophenylcyclopropanes. 
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An  entire  series  of  O- peptides  (I)  of  serine  and  tlireonine  have  already  been  synthesized,  and  the  proper 
ties  of  these  compounds  have  proved  to  be  very  interesting  [1]. 
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A  study  of  the  synthesis  and  the  behavior  in  enzyme  rcactiors  of  representatives  of  a  new  class  of  com¬ 
pounds,  the  0-dipeptidyl-N-acylserines  (11),  would  obviously  be  of  interest-  As  an  approach  to  the  synthesis  of 
such  compounds  we  first  studied  the  synthesis  of  two  corresponding  derivatives  of  glycolic  acid  (HI),  O- (benzo¬ 
yl  glycylglycyl)-  and  0-(benzoylglycylphenylalanyl)glycolic  acids.  The  substitution  of  glycolic  acid  for  serine 
in  the  first  stage  of  the  investigation  was  not  without  basis,  since  all  earlier  investigations  have  shown  that  serine 
O- peptides  and  the  corresponding  derivatives  of  glycolic  acid  have  closely  similar  properties  [2].  The  O-dipep* 
tidylserines  prepared  in  the  present  work  were  0-(carbobenzoxyglycylphenylalanyl)-N-carbobenzoxyserine  and 
0-(carbobenzoxyphenylalanylglycyl)-N-carbobenzoxyserine.  Several  attempts  were  made  to  synthesize  the  cor¬ 
responding  derivatives  of  benzoylserine,  but  they  were  unsuccessful. 

The  selection  of  the  amino  acids  for  the  O-dipeptid  ’  group  was  based  on  earlier  observations.  Thus,  it 
was  found  that  O- peptides  (I)  of  serine,  threonine,  and  glycolic  acid  in  which  the  aminoacyl  radical  was  phenyl- 
alanyl  (R"  =  CH2C6H5),  were  readily  hydrolyzed  in  the  presence  of  enzyme  [2,  3];  under  the  influence  of  the  en¬ 
zyme.  the  phenylalanyl  radical  migrated  to  the  amino  group  of  other  amino  acids  with  the  formation  of  optical¬ 
ly  active  peptides  in  good  yield  [2,  4].  Such  an  observation  is  in  agreement  with  the  distinct  specificness  of  the 
operation  of  chymotiypsin  when  it  is  the  enz>'me  in  enzNinatic  synthesis  [5];  therefore,  it  was  of  interest  to  syn¬ 
thesize  and  compare  first  of  all  0-dipeptidyl  derivatives  containing  phenylalanine  directly  at  the  O- peptide 
bond  (the  carboxyl  group  of  the  phenylalanine  takes  part  in  the  construction  of  the  O- peptide  bond),  then  com¬ 
pounds  in  which  the  phenylalanine  is  separated  from  the  O- peptide  bond  (the  phenylalanine  and  the  O- peptide 
bond  separated  by  a  glycine),  and.  finally,  compounds  which  do  not  contain  phenylalanine  at  all. 
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At  the  present  time,  investigators  have  at  their  disposal  a  rather  wide  assortment  of  methods  for  the  syn¬ 
thesis  of  O-aminoacyl  derivatives  of  hydroxy  amino  acids  (the  azlactone,  acyl  chloride,  mixed  anhydride,  and 
carbodiimide  methods;  the  latter  is  suitable  for  the  synthesis  of  esters  of  0-peptides);  however,  the  methodssuit- 
able  for  the  synthesis  of  O-dipeptidylscrines  are  practically  limited  to  the  single  method  of  mixed  anhydrides. 
Velluz  (1)  synthesized  a  series  of  O-aminoacyl-N-dibenzylserines  by  this  method.  However,  when  we  canied 
out  tile  synthesis  of  our  0-peptldyl  derivatives  under  the  conditions  indicated  by  Velluz,  we  obtained  unsatisfac¬ 
tory  results.  Although  0-(carbobenzoxyphenylalanylglycyl)-N-carbobenzoxyserine  was  obtained  in  a  yield  of 
58*70,  it  was  contaminated  with  impurities  which  could  not  be  removed.  Better  results  were  obtained  when  the 
reaction  was  carried  out  with  the  reaction  mixture  cooled  to  -10  to  -12*;  in  this  case,  all  of  the  second  com¬ 
ponent  was  added  to  the  mixed  anliydride  over  a  period  of  5  min.  the  reaction  mixture  was  cooled  for  an  addi¬ 
tional  30  min.  and  then  allowed  to  stand  at  room  temperature  overnight.  0-carbobenzoxyphenylalanylglycyl-N- 
carbobenzoxyserine  was  obtained  in  a  yield  of  82.8*70 and  O-carbobenzoxyglycylphenylalanyl-N-carbobenzoxy- 
serine  was  obtained  in  about  100*70  yield  by  this  method  Prolonged  cooling  of  the  reaction  mixture  after  addi¬ 
tion  of  the  second  component  slows  down  the  reaction  with  the  hydroxyl  of  the  serine  and  leads  to  an  increase  in 
side  reactions. 

On  the  contrary,  attempts  to  synthesize  O-carbobenzoxyphenylalanylglycyl-N-benzoylserine  and  0-carbo- 
benzoxyglycylphenylalanyl-N-benzoylserine  were  unsuccessful,  since,  in  addition  to  the  main  course  of  the  reac¬ 
tion,  there  were  also  rapid  side  reactions,  specifically,  dehydration  and  polymerization  of  the  serine  derivatives. 
Such  reactions  are  most  typical  of  benzoylserine,  and  are  less  characteristic  of  carbobenzoxyserine.  This  is  ap¬ 
parently  due  to  the  fact  that  benzoylserine,  which  is  present  as  the  second  component,  reacts  very  sluggishly 
with  its  own  hydroxyl  group.  On  the  other  hand,  a  reaction  characteristic  of  benzoyl  derivatives  of  serine  does 
proceed  readily;  this  is  a  reaction  in  which  the  formation  of  azlactones  is  accompanied  by  dehydration.  There- 
suiting  unsaturated  azlactone  of  benzoylaminoacrylic  acid  decomposes  or  enters  into  a  condensation  reaction 
with  the  formation  of  more  complex  compounds  which  have  a  neutral  character. 


CII2-CM-COOH 
I  I 

on  NucoCdiis 


B  -t  A 


CHa-CH-CO- 

I  I  I 

on  N  0 

c 


CH.2=C-C0 

rl  i  : 


r.,ii5  J 

(A) 

,  cno=c-coor.n2-cn— cOv 

‘I  II 

Nncoc.iiii,,  N  0 

c 


(inHs 

(B) 


CJh 


The  processes  described  above  are  possible,  obviously,  only  when  a  benzoylserine  v/ith  a  free  carboxyl 
group  is  used  as  the  second  component. 

In  order  to  confirm  our  assumptions,  a  series  of  experiments  was  carried  out  in  which  the  following  O- pep¬ 
tides  were  synthesized:  0-benzoylphenylalanyl-N- benzoylserine  and  its  amide,  0-dibenzylglycyl-N-benzoyl- 
serine,  and  O-benzoylphenylalanyl-N-tritylserine. 

When  the  reaction  was  carried  out  between  benzoylserine  and  benzoylphenylalanine  or,  as  indicated  above, 
between  carbobenzoxyphenylalanylglycine  and  carbobenzoxyglycylphenylalanine  a  neutral  substance  was  iso¬ 
lated  in  each  case,  and  the  two  substances  had  closely  similar  chemical  compositions.  A  change  in  the  condi¬ 
tions  under  which  the  mixed  anhydride  with  benzoylserine  was  synthesized  had  no  essential  effect  on  the  result¬ 
ing  reaction  products.  These  "neutral*  substances  gave  a  positive  hydroxamic  reaction,  did  not  give  a  ninhydrin 
reaction,  decolorized  an  alkaline  solution  of  permanganate,  and  were  easily  hydrolyzed  by  0.01  N  alkali.  After 
hydrolysis  with  20 *7o  hydrochloric  acid,  the  original  amino  acids  were  detected  only  in  traces.  It  should  also  be 
remarked  that  in  spite  of  the  very  close  attention  given  to  the  analyses  of  the  neutral  substance  obtained  in  the 
different  reactions,  its  physical  characteristics  did  not  remain  constant.  The  substance  did  not  have  a  constant 
melting  point,  and  the  higher  it  was,  the  lower  was  the  solubility  in  polar  solvents.  The  reaction  apparently 
does  not  stop  at  the  stage  in  which  the  dimer  is  formed,  and  further  complication  of  the  molecule  takes  place. 
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Similar  results  were  obtained  during  the  synthesis  of  0-dibcnzylglycyl-N-benzoylserine.  In  those  cases  in  which 
the  second  component  was  the  amide  of  benzoylserine  or  tritylserine.  the  formation  of  O- peptides  proceeded 
normally 

The  "negative”  role  of  benzoyl  protection  is  apparently  not  limited  to  the  cases  described;  it  was  also  ap¬ 
parent  during  an  investigation  of  the  behavior  of  benzoyl  dipeptides  under  conditions  used  for  the  preparation  of 
mixed  anhydrides  Thus,  the  mixed  anhydride  formed  from  benzoylglycylglycine  and  ethyl  chlorocatbonate 
reacts  with  ammonia,  forming  only  10% of  the  amide;  under  the  same  conditions,  the  amide  of  benzoylglycyl- 
phenylalanine  is  formed  in  12%  yield.  As  would  be  expected,  the  mixed  anhydride  of  carbobcnzoxyglycylgly- 
cine  reacts  quantitatively  with  ammonia. 


EXPERIMENTAL 

0-(Benzoylglycylglycyl)glycolic  acid  To  a  solution  of  2.34  g  of  benzoylglycylglycine  and  1.01  g  of  an- 
hydrous  triethylamine  in  10  ml  of  anhydrous  "methylene  chloride,  cooled  to  “10*.  was  added  1.08  g  of  ethyl  chlo— 
rocarbonate.  also  cooled  to  -10".  After  5  min.  2.02  g  of  triethylamine  and  1.52  g  of  glycolic  acid  were  added. 

The  reaction  mixture  was  allowed  to  stand  for  0.5  hr  at  “10*  and  then  overnight  at  room  temperature.  It  was 
then  filtered  and  evaporated.  The  residual  oil  was  acidified  with  10  ml  of  a  2  N  solution  of  HCl,  and  then  al- 
towed  to  stand  overnight  in  a  refrigerator.  The  oil  did  not  crystallize  completely;  the  crystallized  oil  was  separ¬ 
ated,  washed,  and  repeatedly  recrystallized  from  aqueous  alcohol  and  from  ethyl  acetate  containing  petroleum 
ether.  The  yield  was  0.92  g  (31%). 

Found  %;  C  53.65;  H  4.83;  N  9.87.  Cijl^OeNj-  Calculated  %;  C  53.06;  H  4.76;  N  9.52. 

0-(Benzoylglycylphenylalanyl)glycolic  acid.  To  a  solution  of  2.52  g  of  benzoylglycylphenylalanine  and 
0.79  g  of  anhydrous  triethylamine  in  20  ml  of  anliydrous  methylene  chloride,  cooled  to  “10",  was  added  0.845  g 
of  ethyl  chlorocatbonate.  also  cooled  to  “10*.  After  10  min,  1.58  g  of  triethylamine  was  added  to  the  reaction 
mixture,  and  this  was  followed  by  112  g  of  glycolic  acid.  The  reaction  mixture  was  allowed  to  stand  for  20 min 
at  “10*  and  then  ovcrniglit  at  room  temperature;  it  was  then  treated  as  described  above.  There  were  obtained 
2.1  g  of  acid  (in  the  form  of  a  foam),  which  was  quickly  dissolved  in  a  cold  5% solution  of  soda,  filtered,  and 
acidified  with  hydrochloric  acid.  The  yield  was  15  g  (50%). 

Found  %:  C  32.59;  H  5.57;  N  7.22.  CjoHjoGoNz.  Calculated  %;  C  62.49;  H  5.24;  N  7.31. 

0-(Carbobenzoxyglycylphcnylalanyl)-N-carbobenzoxyserine.  To  1.8  g  of  carbobcnzoxyglycylphenylala- 
ninc  in  4  ml  of  methylene  chloride  and  0.7  ml  of  triethylamine.  cc-oled  to “10*.  was  added  0.5  ml  of  ethyl  chlo- 
rocarbonate  and,  after  10  min.  a  solution  of  18  g  of  carbobenzoxyserine  in  4  ml  of  methylene  chloride  and 
1.05  ml  of  triethylamine.  After  0,5  hr,  the  reaction  mixture  was  taken  from  the  cooling  bath  and  allowed  to 
stand  at  room  temperature  overnight.  It  was  then  neutralized  with  the  calculated  amount  of  an  1  N  solution  of 
hydrochloric  acid  and  evaporated  under  vacuum;  the  residual  oil  was  washed  with  water.  It  was  converted  to  a 
solid  foam  during  azeotropic  distillation  of  the  water  with  benzene.  The  yield  was  almost  quantitative.  The 
equivalent  weight  of  the  resulting  material  was  determined  by  titration  with  an  0.01  N  solution  of  base  and  the 
ester  bond  was  determined  by  hydrolysis.  For  this  latter  purpose,  the  sample  of  the  material,  after  neutraliza¬ 
tion  with  0.01  N  base,  was  refluxed  witn  an  excess  of  the  latter  for  1.5  hr  on  a  water  bath. 

Equiv.  found:  by  titration.  582;  by  saponification,  550.  Equiv.  calc.:  577. 

Found  %:  C  62.12;  H  5.58;  N  7,01.  C30H31O9N3.  Calculated  %:  C  62,39;  H  5.37;  N  7.28. 

0-(Carbobenzoxyphenylalanylglycyi)-N-carbobenzoxyserine.  The  mixed  anhydride  was  prepared  at  “12* 
from  2.38  g  of  carbobenzoxyphcnylalanylglycine.  0.93  ml  of  anhydrous  triethylamine  in  5  ml  of  freshly  distilled 
anhydrous  methylene  chloride,  and  0.49  ml  of  ethyl  chlorocatbonate.  After  5  min,  the  anhydride  was  reacted 
with  2.39  g  of  carbobenzoxyserine  and  1.4  ml  of  anhydrous  triethylamine  in  5  ml  of  anhydrous  methylene  chlo¬ 
ride.  The  reaction  mixture  was  maintained  cold  for  30  min.  and  then  allowed  to  stand  at  room  temperature  over¬ 
night.  It  was  then  treated  in  the  usual  manner.  The  yield  was  3.2  g  (82.8%)  of  an  oil,  which  was  converted  to 
a  solid  foam  during  azeotropic  distillation  of  the  water  with  anhydrous  benzene.  The  substance  was  titrated  and 
saponified  as  described  above. 
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Equiv.  found:  575,  600.  Equiv.  calc.  :  577. 

Found  C  61.98;  H  5.79;  N  7.05.  CgoHaOgNa  •  V2  HjO.  Calculated  C  61.43;  H  5.29;  N  7.16. 

Attempts  to  synthesize  0-(carbobcnzoxyphenylalanylglycyl)-N-carbobenzoxyserine  by  the  method  of 
Velluz.  The  mixed  anhydride  was  prepared  at  “10  to  “12*  from  213  mg  of  carbobenzoxyphenylalanylglycine. 

0.07  ml  of  anhydrous  tricthylamine  in  1  5  ml  of  freshly  distilled  anhydrous  methylene  chloride,  and  0.05  ml  of 
ethyl  chlorocarbonate-  After  30  min.  a  cooled  solution  of  213  mg  of  carbobenzoxyserine  and  0.09  ml  of 

trieihylamine  in  2  ml  of  methylene  chloride  was  added.  The  reaction  mixture  was  maintained  at  30*  for  9  hr, 
and  allowed  to  stand  at  room  temperature  overnight.  The  weight  of  the  unpurified  material  was  180  mg 
it  was  obtained  in  the  form  of  a  solid  foam. 

Equiv.  found;  by  titration,  462;  by  saponification,  1478.  C3oH3iO^N3.  Equiv.  calc.;  577. 

Synthesis  of  benzoylglycylglycine  by  the  mixed  anhydride  method.  A  mixture  of  8.5  g  of  hippuric  acid 
and  4.81  g  of  tricthylamine  in  71  ml  of  anliydrous  dioxane  was  frozen  at  ~13*.  The  mixture  was  then  removed 
from  the  cooling  bath.  and.  after  partial  thawing  of  the  dioxane,  5.15  g  of  ethyl  chlorocarbonate,  previously 
cooled  to  "13*,  was  added  dropwise.  A  cold  solution  of  4.5  g  of  glycine  in  23.8  ml  of  a  2  N  solution  of  base  and 
35.5  ml  of  water  (ratio  of  dioxane  to  water,  5  ;  4)  was  added  after  10  min.  The  reaction  mixture  was  maintained 
at  10*  for  1  hr,  and  was  then  treated  in  the  usual  manner.  The  yield  was  707<;  the  m.p.  was  208*.  Literature  data; 
m.p.,  206-208*  [6];  0.27  (butanol,  saturated  with  2  N  NH4OH). 

Attempts  to  synthesize  0-(carbobenzoxyphenylalanylglycyl)-N-benzoylserine.  The  mixed  anhydride  was 
prepared  from  1.7  g  of  carbobenzoxyphenylalanylglycine  in  3  ml  of  methylene  chloride,  0.7  ml  of  (C2H5)3N. 
and  0.46  ml  of  ethyl  chlorocarbonate.  The  anhydride  was  allowed  to  stand  for  5  min  at  "7  to  “9*,  and  was  then 
introduced  into  reaction  with  a  cold  solution  of  benzoylserine  (16  g)  and  1.05  ml  of  tricthylamine  in  3  ml  of  freshly 
distilled  anhydrous  methylene  chloride  The  reaction  mixture  was  allowed  to  stand  in  the  cold  for  0.5  hr  and 
overnight  at  room  temperature-  It  was  then  treated  in  the  usual  manner.  The  unpurified  material  was  dried  by 
repeated  distillation  with  anhydrous  benzene;  this  gave  a  foam  which  weighed  2.1  g. 

Equiv.  found;  by  titration,  746;  by  saponification,  486.  CjjHjgClgNs.  Equiv.  calc.;  547. 

The  ratio  of  the  equivalent  weights  indicates  the  presence  of  a  large  amount  of  neutral  material.  The 
product  could  not  be  freed  from  this  neutral  material  by  repeated  fractional  crystallization  from  aqueous  alco¬ 
hol  and  a  mixture  of  ethyl  acetate  and  petroleum  ether. 


Attempts  to  synthesize  0-(carbobenzoxyglycylphenylalanyl)-N- benzoylserine.  The  mixed  anhydride  was 
prepared  from  1.78  g  of  carbobenzoxyglycylphcnylalanine  in  3  ml  of  methylene  chloride,  0.7  mloftiiethylamine. 
and  0.46  ml  of  ethyl  chlorocarbonate-  The  mixed  anhydride  was  allowed  to  stand  at  -10®  for  5  min,  and  1.6  g 
of  benzoylserine  and  1.05  ml  of  tricthylamine  were  then  added.  After  15  min.  the  reaction  mixture  was  taken 
from  the  cooling  bath  and  allowed  to  stand  at  room  temperature  overnight.  It  was  then  washed  with  a  2  N  solu¬ 
tion  of  hydrochloric  acid  and  evaporated.  The  resulting  mixture  of  foam  and  oil  was  treated  with  hot  alcohol, 
and  the  insoluble  material  (0.2  g)  was  removed  by  filtration.  This  product  was  a  neutral  material  which  melted 
at  220*. • 

Further  recrystallization  of  that  part  of  the  material  which  dissolved  in  the  alcohol  gave  a  new  portion  of 
"neutral"  material;  0-(carbobenzoxyglycylphenylalanyl)-N- benzoylserine  was  not  isolated. 

Synthesis  of  O-benzoylphenylalanyl-N-benzoylserinc  by  the  mixed  anhydride  method,  a)  To  1.35  g  of 
benzoylphenylalanine  in  8  ml  of  chloroform  was  added  0.7  ml  of  tricthylamine  and.  at  “10  to  "12*,  0-46  ml  of 
ethyl  chlorocarbonate.  After  15  min,  the  reaction  mixture  was  mixed  with  a  cold  solution  of  105  g  of  benzoyl- 
serine  in  12  ml  of  cliloroform  and  0.7  ml  of  tricthylamine.  and  this  mixture  was  allov^ed  to  stand  for  2  days  at 
room  temperature.  The  mixture  was  then  washed  with  a  2  N  solution  of  hydrochloric  acid  and  evaporated.  The 
residue  (1.96  g)  was  a  mixture  of  (A)  benzoylohenylalaninc,  0-benzoylphenylalanyl-N- benzoylserine  and  "neu¬ 
tral"  material.  The  "neutral"  material  was  separated  from  mixture  A  by  repeated  extraction  with  ethyl  acetate 
or  a  5% solution  of  soda  in  chloroform.  This  was  accompanied  by  significant  hydrolysis  of  the  O-benzoylphenyl- 
alanyl-N- benzoylserine.  Evaporation  of  the  ethyl  acetate  solution  gave  0.35  g  of  the  "neutral"  material  in  the 
form  of  a  light  yellow,  finely  crystalline  powder.*  • 

•Found.  <70;  C  66.38;  H  4.76;  N  7.40. 

•  •Found,  C  65.97;  H,  5.04.  Equiv.;  1150. 
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The  substance  had  neither  a  carboxyl  nor  an  amide  group;  it  gave  a  positive  hydroxamic  reaction,  and  de¬ 
colorized  an  alkaline  solution  of  permanganate;  it  hydrolyzed  when  heated  for  3  hr  with  an  0.01  N  solution  of  a 
base.  After  complete  hydrolysis  by  20*70  HCl.  traces  of  phenylalanine  were  detected  by  paper  chromatography, 
and  there  was  a  series  of  spots  located  one  after  the  other  with  distribution  coefficients  somewhat  lower  than  the 
of  serine. 

When  the  reaction  was  carried  out  in  a  similar  manner,  but  with  an  excess  of  ethyl  chlorocarbonate  and 
triethylarniiie  (0,005  mole  of  bcnzoylplienylalanine.  0.005  mole  of  benzoylserine,  0.01  mole  of  ethyl  chlorocar¬ 
bonate.  and  0.02  mole  of  (C2H5)3N],  there  were  obtained  0.33  g  of  a  mixture  of  benzoylphenylalanine  and  O- 
benzoylphenylalanyl-i'I- benzoylserine  and  1.34  g  of  "neutral"  material. 

b)  Reaction  in  the  cold.  Preparation  of  the  mixed  anltydridc  at  -70".  To  0.67  g  of  benzoylphenylalanine 
in  10  ml  of  tetrahydrofuran  was  added  0.38  ml  of  triethylamine  and.  at  -70*.  0.23  ml  of  ethyl  chlorocarbonate- 
After  10  min.  a  solution  of  0.52  g  of  benzoylserine  in  10  ml  of  tetrahydrofuran  and  0.38  ml  of  triethylamine  was 
added  to  the  mixed  anhydride  solution.  The  reaction  mixture  was  allowed  to  stand  overnight  at  -70*  to  ”10* 
and  then  for  2  days  at  room  temperature.  It  was  then  washed  with  a  2  N  solution  of  hydrochloric  acid  and  with 
water.  Evaporation  of  the  tetrahydrofuran  gave  1-0  g  of  a  mixture  consisting  of  benzoylphenylalanine.  0-ben- 
zoylplienylalanyl-N- benzoylserine,  and  a  small  amount  of  a  "neutral"  material.  The  latter  was  separated  by 
solution  of  the  mixture  in  alcohol,  neutralization  of  the  solution  with  a  base,  and  partial  evaporation  of  the  al¬ 
cohol.  The  precipitated  "neutral*  material  was  removed  by  filtration  (0.02  g).  and  a  mixture  of  benzoylphenyl¬ 
alanine  and  0-benzoylphenylalanyl-N- benzoylserine  was  separated  from  the  mother  liquor  by  acidification.  Hy¬ 
drolysis  of  the  mixture  of  these  substances  after  titration  indicated  that  30'7oO-benzoylphenylalanyl-N-benzoyl- 
serinc  was  present  in  it.  A  small  amount  of  material  which  was  exactly  the  same  as  the  latter  was  obtained  by 
interaction  of  benzoylserine  with  the  mixed  anhydride  prepared  at  “70*  from  benzoylphenylalanine  and  phosgene 
by  the  method  of  Brenner  [1]. 

Synthesis  of  O-dibcnzylglycyl-N* benzoylserine  by  the  mixed  anhydride  method.  The  mixed  anhydride 
was  prepared  from  0.G4  g  of  dibenzylglycine.  0.38  ml  of  triethylamine  in  7  mi  of  chloroform,  and  0.25  ml  of 
ethyl  chlorocarbonate-  The  mixed  anhydride  was  reacted  at  “10*  with  0-56  g  of  benzoylserine  in  5  ml  of  chlo¬ 
roform  and  0,38  ml  of  triethylamine.  The  reaction  mixture  was  held  for  4  hr  at  20*  and  5  lir  at  40*.  and  was 
then  allowed  to  stand  overnight  at  room  temperature-  It  was  then  treated  in  the  usual  manner.  The  resulting 
foam  (0.72  g)  was  only  partially  soluble  in  alcohol.  The  iasoluble  fraction  (0.27  g)  was  removed  by  filtration, 
and  reprecipitated  with  petroleum  ether  from  solution  in  ethyl  acetate.  This  material  was  a  neutral  substance 
similar  to  that  described  above;  m.p.  169*.*  The  substance  was  reprecipitated  five  tmies  from  ethyl  acetate 
solution  with  petroleum  ether,  and  the  melting  point  of  the  resulting  material  increased  to  183*;  however,  anal¬ 
ysis  of  the  material  changed  very  little. 

Amide  of  Q-bcnzoylphenylalanyl-N- benzoylserine-  To  1.35  g  of  benzoylphenylalanine  in  10  ml  of  tetra¬ 
hydrofuran  was  added  0.7  ml  of  triethylamine  and.  at  “80*.  2.2  ml  of  a  toluene  solution  of  phosgene  (0. 005 mole). 
After  15  min.  0.52  g  of  benzoylserine  amide  in  25  ml  of  p>Tidine  was  added.  The  cooling  bath  was  removed  aft¬ 
er  an  hour,  and  on  the  follomng  day  the  reaction  mixture  was  evaporated  under  vacuum.  Treatment  of  the  re¬ 
sidual  oil  with  chloroform  precipitated  the  excess  benzoylphenylalanine.  A  second  evaporation  yielded  0.95  of 
an  oil,  wliich  slowly  crystallized  under  a  layer  of  tetrahydrofuran.  After  a  second  crystallization  from  aqueous 
alcohol,  the  material  melted  at  187-189". 

Found  *70;  C  67.78;  H  5.58.  CjgHjsOsNa-  Calculated  C  67.75;  H  5.44. 

O- Benzoylphenylalanyl- N-  tritylserine .  The  mixed  anhydride  was  prepared  from  0.65  g  of  benzoylphenyl¬ 
alanine.  0.38  ml  of  triethylamine  in  chloroform,  and  0.25  ml  of  ethyl  chlorocarbonate.  This  compound  was 
then  reacted  with  0.86  g  of  tritylserine  and  0.38  ml  of  triethylamine  in  chloroform.  The  reaction  was  initially 
canied  out  at  room  temperature.  The  temperature  was  then  increased  to  40"  and  maintained  at  that  level  for 
5  hr.  after  which  the  reaction  mixture  was  again  cooled  to  room  temperature  and  allowed  to  stand  overnight.  The 
reaction  mixture  was  washed  with  a  2  N  solution  of  hydrochloric  acid  and  evaporated.  The  product  (1-39  g)  was 
obtained  in  the  form  of  a  solid,  slight  yellow  foam.  A  weighed  portion  of  the  substance  was  treated  to  remove 
the  trityl  group,  and  the  amount  of  free  amino  groups  was  determined;  an  excess  of  base  was  then  added  to  the 


•  Found  C  65.69;  H  5.10;  N  7.03. 
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reaction  mixture,  and  the  free  amino  groups  were  again  determined.  An  estimate  of  the  amount  of  O- peptide 
was  based  on  the  difference  between  the  two  determinations  [7].  The  value  obtained  in  this  manner  Indicated 
that  eO^oO-bcnzoylphenylalanyl-N  tritylserine  was  present. 

SUMMARY 

The  following  representatives  of  a  new  class  of  0-dipeptidyl-N-acylserines  and  dipeptide  derivatives  of 
glycolic  acid  were  synthesized:  O-carbobenzoxyglycylphenylalanyl-N-carbobenzoxyserine,  0-carbobenzoxy- 
phenylalanylglycyl-N-carbobenzoxyserine.  O- benzoylglycylglycylglycolic  acid,  and  O- benzoylglycylphenylala- 
nylglycolic  acid. 
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Over  the  course  of  the  last  few  years,  there  has  been  a  sharp  increase  in  interest  in  the  study  of  O- peptides 
of  6  -hydroxy  amino  acids  as  labile  compounds  capable  of  undergoing  decomposition  under  the  influence  of  en¬ 
zymes,  on  the  one  hand,  and,  on  the  other  hand,  capable  of  creating  new  peptide  bonds.  The  discovery  of  natu¬ 
ral  compounds  containing  an  O- peptide  bond  and  the  strong  physiological  action  of  some  of  them  (azaserine) 
have  also  promoted  intense  study  of  them  [1]. 
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The  aim  of  the  present  work  was  to  study  the  properties  of  the  O- peptide  bond  in  more  complex  deriva¬ 
tives  of  serine“thc  0-dipeptidyl-N-acylserincs.  It  was  found  that  an  increase  in  the  length  of  the  O-aminoacyl 
radical  liad  almost  no  effect  on  some  of  the  properties  of  the  O- peptides  (hydrolysis  of  the  ester  bond)  and  basic¬ 
ally  changed  other  properties  (synthesis  of  new  peptides).  We  will  consider  below  alkaline  and  enzymatic  hydrolysis 
of  0-dipeptides,  their  ammonolysis,  and  their  interaction  with  esters  of  amino  acids. 

The  stability  of  the  ester  bond  in  O-dipeptidylserincs  with  respect  to  bases  was  studied  with  0-(carboben- 
zoxyphenylalanylglycyl)-and  0-(carbobenzoxyglycylphenylalanyl)-N-carbobenzoxyserine.  and  the  results  were 
compared  with  those  obtained  in  a  similar  study  of  O-aminoacyl  derivatives  of  serine  (serine  O- peptides)"  O- 
benzoylnorleucyl-  and  O-bcnzoylvalyl-N-bcnzoylserine.  •  The  compounds  were  hydrolyzed  at  a  temperature 
of  30-32*  and  a  pH  of  9,  10,  and  10.5  (Fig.  1).  As  in  the  case  of  previously  investigated  compounds,  hydrolysis 
of  the  ester  bond  proceeded  very  slowly  at  a  pH  of  9,  and  did  not  exceed  1.5%  after  1  lir.  The  hydrolysis  rate 
increased  appreciably  with  an  increase  in  pH,  and  at  a  pH  of  10,  12- 16% of  the  substance  hydrolyzed  in  the  ensu¬ 
ing  hour.  The  highest  hydrolysis  rate  was  observed  for  the  0-dipeptidyl  derivative  of  serine  (curve  1).  while  O- 
benzoylvalyl-N-bcnzoylserine  hydrolyzed  slowest  of  all  (curve  4).  This  same  regularity  appeared  with  an  in¬ 
crease  in  the  pH  of  the  solution  to  10.5.  An  increase  in  the  chain  length  of  the  O-aminoacyl  radical  apparently 
makes  the  O- peptide  bond  somewhat  less  stable  toward  alkaline  hydrolysis. 

The  difference  between  0-dipeptidyl  and  aminoacyl  derivatives  of  serine  is  considerably  more  apparent 
during  ammonolysis.  It  has  been  shown  previously  that  O- peptides  react  extremely  readily  with  concentrated 
ammonia  with  the  formation  of  amides  of  acylamino  acids  in  almost  quantitative  yield  [2]  (see  scheme  below). 

•The  last  two  compounds  were  synthesized  and  investigated  by  O.  M.  Shibanova. 
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Fig.  1.  Hydrolysis  rate  at  various  pH  values.  1) 
0-(Carbobenzoxyphenylalanylglycyl)-N-carbo- 
bcnzoxyserine,  2)  0-(carbobenzoxyglycylphenyl- 
alanyl)-N-carbobenzoxyserine,  3)  O-(benzoylnorleucyl)- 
H-l5enzoylserine,  4)  0-(benzoylvalyl)-N-benzoylserine. 


Fig.  2.  Comparison  of  the  rates  of  hydrolysis  of 
different  compounds.  1)  O- (benzoylglycylgly- 
cyl)glycolic  acid.  2)  0-(benzoylglycylphenyl- 
alanyl)glycolic  acid,  3)  0-(benzoylglycyl)gly- 
colic  acid,  4)0-(carboben20xyphenylalanyl- 
glycyl)-N-carbobenzoxysetine,  5)  O-fcarboben- 
zoxy  glycylphenylalanyl)-  N-  carbobenzoxyserine , 
6)  O-  (benzoylphenylalanyl)-  N-  benzoylserine . 


Dipeptidyl  derivatives  of  serine  and  glycolic  acid 
are  significantly  less  readily  converted  to  the  conespond 
ing  amides.  Although  the  treatment  of  O- (benzoylgly- 


cylglycyl)glycolic  acid  v/ith  28  *70  ammonia  at  room  temperature  gave  a  'lQ°lo  yield  of  bcnzoylglycylglycine 
amide,  0-(benzoylglycylphenylalanyl)glycolic  acid  v/as  converted  to  the  amide  under  even  more  vigorous  con- 
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ditions  (30-40*)  v/ith  a  yield  of  only  40‘7a  However,  after  a  12-hr  treatment,  carbobenzoxyphenylalanylglycine 
was  obtained  in  73%  yield  from  0-(carbobenzoxyphenylalanylglycyl)-N- carbobenzoxyserine.  Thus,  hydrolysis 
of  the  0-peptide  bond  takes  place  more  readily  than  does  ammonolysis. 

The  interaction  of  this  same  O- dipeptide  with  a  solution  of  ammonia  in  chloroform  yielded  a  compound 
which,  although  it  possessed  neutral  characteristics,  was  not  an  amide.  It  was  obtained  in  the  form  of  an  oil 
which,  upon  very  long  standing,  partially  converted  to  a  crystalline  material  with  an  m.p.  of  216- 218*;  this  value 
differs  from  the  melting  point  of  carbobenzoxyphenylalanylglycine  amide.  It  may  be  supposed  that  the  well- 
known  tendency  of  the  ethyl  ester  of  carbobenzoxyphenylalanylglycine  to  be  converted  to  ahydantoin  under  the 
influence  of  a  methanol  solution  of  ammonia  [3]  takes  place  in  the  present  case  with  closure  of  a  ring; 

CII2-CH-COOH  CH2-CH-COOH 

I  I  NHj  I  I 

0  NHCOOCHjCcHg  OH  NHCOOCH.^CeHs 

I 

COCH2NHCOCHNHCOOCH2C6H6  H2NOCCH2NCOCHCH2C6H5 

I  I  I 

CH2C6H5  CO-NH 

Hydrolysis  of  the  ester  bond  by  chymotrypsin  was  studied  with  two  O- dipeptidyl  derivatives  of  serine  and 
two  dipeptidyl  derivatives  of  glycolic  acid.  Specifically,  the  following  compounds  were  used:  0-(carbobenzoxy' 
phenylalanylglycyl)-  and  0-(carbobenzoxyglycylphenylalanyl)-N- carbobenzoxyserine  and  0-(benzoylglycyl“ 
glycyl)-  and  0-(benzoylglycylphenylalanyl)glycolic  acid. 
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The  results  obtained  are  shown  in  Fig.  2.  For  purposes  of  comparison,  the  courses  of  hydrolysis  of  0-ben- 
zoylphenylalanyl-N'benzoylserine  [4]  and  O-benzoylglycylglycolic  acid  are  also  presented  in  the  same  figure. 
All  of  the  compounds  enumerated  were  hydrolyzed  by  the  enzyme,  but  the  rates  of  hydrolysis  of  the  different 
peptides  differed  considerably  among  themselves.  The  dipeptidyl  derivatives  of  both  serine  and  glycolic  acid 
hydrolyzed  more  poorly,  on  the  whole,  than  did  the  0-aminoacyl  derivatives.  It  is  interesting  that  during  the 
first  30  to  60  min,  their  hydrolysis  rates  were  very  high,  and,  in  this  regard,  there  was  no  distinction  between  the 
0-dipeptides  and  the  O- peptides.  However,  subsequent  to  this  period,  there  was  a  sharp  break  in  the  hydrolysis 
rate  curve,  and  hydrolysis  almost  stopped  at  this  point.  Hydrolysis  of  O-(carbobenzoxyphenylalanylglycyl)-  and 
0-(carbobenzoxyglycylphenylalanyl)-N-carbobcnzoxyserine  and  O-(benzoylglycylphenylalanyl)- glycolic  acid 
conforms  to  curves  of  this  type  (with  a  break).  A  comparison  of  the  rates  of  hydrolysis  of  the  two  O- dipeptidyl 
derivatives  of  serine  shows  that  hydrolysis  proceeds  at  a  greater  rate  when  the  phenylalanyl  radical  is  attached 
directly  at  the  hydrolyzing  bond-0-(carbobenzoxyglycylphenylalanyl)-N-carbobenzoxyscrine  was  more  readily 
hydrolyzed  by  the  enzyme  than  was  0-(carbobenzoxyphenylalanylglycyl)-N-carbobenzoxyserine.  Hydrolysis  of 
these  peptides  does  not  take  place  under  the  same  conditions,  but  in  the  absence  of  an  enzyme. 

Enzymatic  hydrolysis  of  O- peptides  of  hydroxy  amino  acids  and  the  corresponding  derivatives  of  glycolic 
acid  takes  place  asymmetrically;  under  the  action  of  the  enzyme,  cleavage  of  only  that  half  of  the  O- peptide, 
which  contains  the  L-form  of  the  0-acylamino  acid  takes  place.  It  appeared  possible,  in  the  present  work,  to 
determine  the  nature  of  the  participation  of  chymotrypsin- promoted  hydrolytic  reactions  of  the  asymmetric  atom 
of  an  amino  acid  not  directly  attached  at  the  hydrolyzing  ester  bond.  For  this  purpose,  an  enzymatic  hydrolysis 
of  0-(carbobenzoxyphenylalanylglvcyl)-N-carbobenzoxyserine  was  carried  out;  in  this  compound,  the  ester  bond 
formed  by  the  glycine  is  removed  from  the  acid  containing  an  asymmetric  atom.  Two  variants  of  the  cleavage 
occurring  during  hydrolysis  may  be  proposed: 

0-(cbz-phenylalanylglycyl)-N-cbz- serine* 


O-  (ebz-  D-  phenylalanylglycyl)-  N-  ebz- 
serine  +  cbz-L-phenylalanylglycine 

Liberation  of  c^-L-phenylalanyl- 
glycine 

\ 

L-  phenylalanylglycine 


O-  (ebz-DL- phenylalanylglycyl  )- 
N-ebz-serine  +  cbz-DL-phenyl- 
alanylglycine 

Liberation  of  ebz-DL- phenylalanyl¬ 
glycine 

DL-  phenylanalylglycine 


In  the  first  variant,  cleavage  proceeds  asymmetrically,  and  carbobenzoxy-L- phenylalanylglycine  is  formed; 
in  the  second  variant,  the  asymmetric  center  of  the  phenylalanine  is  not  affected,  and  caibobenzoxy-DL- phenyl¬ 
alanylglycine  is  formed. 

For  comparison,  the  enzymatic  hydrolysis  of  0-(carbobenzoxyglycylphenylalanyl)-N-carbobenzoxyserine 
was  carried  out;  the  succession  of  amino  acid  and  dipeptide  residue  is  reversed  in  this  compound.  In  this  case, 
it  would  be  expected  that  the  optically  active  peptide  would  be  obtained. 


*  ebz  -  carbobenzoxy .  -  Publisher' s  note . 
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O-  (cbz  -  glycylphenyljlanyl )-  N  -  cbz-  serine 

O-  (cbz-  glycyl-D-  phenylalanyl)-  N-  cbz -serine  + 

+  (cbz- glycyl-L- phenylalanyl)- N-cbz-serine 

I 

Liberation  of  cbz-glycyl-L-phenylalanylserine 

The  O-dipeptidyl  derivatives  of  serine  were  incubated  with  chymotrypsin  for  4  hr  at  20*  and  a  pH  of  8.2. 
The  reaction  mixture  was  made  acid,  and  the  precipitated  oil  was  freed  of  carbobenzoxyserinc  by  repeated  wash' 
ing  with  water.  This  oil  was  a  mixture  of  O-dipeptide  and  the  corresponding  peptide  which  had  been  split  off. 

As  would  be  expected,  in  the  case  of  the  hydrolysis  of  0-(carbobenzoxyglycylphenylalanyl)-N-carbobenzoxy* 
serine,  the  mixture  was  appreciably  dextrorotatory.  We  were  unable  to  detect  any  optical  activity  in  the  case 
of  the  hydrolysis  of  0-(carbobenzoxyphenylalanylglycyl)-N-carbobenzoxyserine.  Then,  on  the  basis  of  the  abil¬ 
ity  of  O- peptides  to  undergo  conversion  to  a  substance  having  neutral  characteristics  under  the  action  of  ammo¬ 
nia,  it  appeared  possible  to  isolate  from  the  first  mixture  the  carbobenzoxy  dipeptides  and  to  measure  their  spe¬ 
cific  rotation.  The  specific  rotation  of  carbobenzoxyglycylphenylalanine  was  appreciably  higher,  while  that  of 
carbobenzoxyphenylalanylglycine  remained  zero.  The  latter  compound  was  converted  by  hydrogenation  into 
phenylalanylglycine,  which  was  also  optically  inactive.  Thus,  it  has  been  shown  that  the  asymmetric  character 
of  enzymatic  hydrolysis  of  0-dipeptidylserines  is  determined  only  by  the  amino  acid  attached  directly  at  the 
O- peptide  bond. 


A  process  which  is  being  widely  studied  at  the  present  time  is  the  transfer,  under  the  influence  of  chymo' 
trypsin,  of  an  O-aminoacyl  radical  of  O- peptides  of  serine,  threonine,  and  glycolic  acid  to  an  amino  group  of 
esters  of  amino  acids  or  dipeptides  with  the  formation  of  new  di-  and  tripeptides  [5). 
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It  was  interesting  to  study  the  possibility  of  the  migration  of  an  O-dipeptidyl  group  to  the  amino  group  of 
an  amino  acid  ester.  Toward  this  end,  the  following  pairs  of  compounds  were  incubated  for  a  period  of  3  to  4hr 
at  a  pH  of  8.0  and  a  temperature  of  20“:  0-(benzoylglycylglycyl)glycolic  acid  and  the  ethyl  ester  of  leucine, 
0-(benzoylglycylphenylalanyl)glycolic  acid  and  the  ethyl  ester  of  valine,  O-(carbobenzoxyphenylalanylglycyl)- 
N- carbobenzoxyserinc  and  the  ethyl  ester  of  alanine,  and  0-(carbobenzoxyglycylphenylalanyl)-N-carbobenzoxy- 
serine  and  the  ethyl  ester  of  leucine. 

A  characteristic  peculiarity  of  the  process  of  forming  a  new  peptide  is  usually  the  rapid  precipitation  of 
the  resulting  ester  of  the  N- peptide.  However,  in  all  of  the  cases  enumerated  above,  the  incubated  solutions  re¬ 
mained  completely  transparent.  Therefore,  the  initial  reactants  were  removed  from  the  reaction  mixture,  and 
the  remaining  material  was  hydrolyzed  with  a  20%  solution  of  hydrochloric  acid;  the  hydrolysis  products  were 
chromatographed  in  various  systems.  The  chromatograms  contained  spots  for  all  of  the  amino  acids;  however, 
their  number  was  extremely  small,  and  spot  intensity  was  the  same  for  the  experimental  and  control  solutions. 

By  way  of  example,  the  experiment  with  0-(benzoylglycylglycyl)glycolic  acid  is  described  in  the  Experi¬ 
mental  section  of  this  paper. 

Thus,  an  increase  in  the  chain  length  of  the  aminoacyl  radical  exerts  a  basic  effect  on  the  behavior  of  the 
ester  bond  in  0-p>eptides  of  0 -hydroxy  amino  acids.  It  somewhat  more  readily  undergoes  alkaline  hydrolysis, 
but  it  reacts  more  difficultly  with  ammonia.  Of  particular  interest  is  the  behavior  of  the  ester  bond  of  0-dipep- 
tidylscrines  toward  chymotrypsin.  Chymotrypsin  hydrolyzes  this  bond,  but  it  does  not  promote  synthesis  reactions 
with  amino  acid  esters  even  when  phenylalanine  is  present  in  the  dipeptide  residue. 


EXPERIMENTAL 

Alkaline  hydrolysis,  a)  The  O-dipeptidyl  derivative  of  serine  was  dissolved  in  3  ml  of  acetone,  and  an 
equimolar  amount  of  a  0.1  N  solution  of  the  base  was  added,  followed  by  4  ml  of  water.  More  of  the  0.1  N  alka¬ 
line  solution  was  then  added  until  the  desired  pH  was  reached.  The  reaction  mixture  was  placedinathermostatted 
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serine  and  bcnzoylvalyl  chloride;  two  diastcrcoisonicrs  were  separated.  The  first  had  an  m.p.  of  167*  (this  sub 


stance  was  soluble  in  acetone,  chloroform,  and  dichloroe thane),  and  the  second  had  an  m.p.  of  205*  (this  sub¬ 
stance  was  insoluble  in  acetone,  chlorofonn,  and  dichloroethane ). 

Analysis  of  the  substance  with  an  m.p.  of  167*. 

Found  %:  C  64.92;  H  6.68;  N  9.70.  CjallCTOsNs.  Calculated  C  64.94;  H  6.35;  N  9.88. 

Analysis  of  the  substance  with  an  m.p.  of  205*. 

Found  N  9.87.  Calculated  N  9.88. 

Ammonolysis  experiments,  a)  A  sample  of  O-(benzoylglycylglycyl) glycolic  acid  weighing  58.2  mgwas 
treated  with  1  ml  of  a  28”/^  solution  of  ammonia.  A  precipitate  began  to  form  after  2  min,  and  after  1  hr,  ^he 
precipitate  was  separated  by  filtration,  washed  with  1  ml  of  water,  and  dried.  The  yield  of  benzoylglycylglycine 
amide  was  38  mg  (73%);  m.p.  204”;  the  literature  gives  a  value  of  202"  for  the  m.p.  [6]. 

b)  A  sample  of  0-(benzoylglycylphenylalanyl)glycolic  acid  weighing  109.2  mg  was  treated  with  1  ml  of 
28% ammonia  silution.  A  slight  turbidity  was  noted  after  10  min.  The  reaction  mixture  was  heated  to  30-40* 
over  a  period  of  20  min,  and  was  then  allowed  to  stand  overnight  at  room  temperature.  The  resulting  precipitate 
was  separated  by  filtration,  washed  with  1  ml  of  water,  and  dried.  The  yield  of  benzoylglycylphenylalanine 
amide  was  34  mg  (40%),  m.p,  179-180*. 

Found  %:  C  66.28;  H  5.96.  CjjHigOgNa.  Calculated  %:  C  66.44;  H  5.88. 

c)  A  sample  of  0-(carbobenzoxyphcnylalanylglycyl)-N-carbobenzoxy  serine  weighing  215  mg  was  dis¬ 
solved  in  6  ml  of  28%  ammonia  solution.  Solution  occurred  immediately,  and  the  solution  appeared  slightly 
turbid.  The  reaction  mixture  was  allowed  to  stand  overnight  at  0-5",  and  was  then  evaporated  to  2/3  its  vol¬ 
ume  and  filtered.  The  filtrate  was  acidified,  and  88  mg  (73.5%)  of  carbobenzoxyphenylalanylglycine  was  ob¬ 
tained. 

Enzymatic  hydrolysis,  a)  To  0.5  mmole  of  0-(dipeptidyl)glycolic  acid  dissolved  in  3  ml  of  hot  alcohol 
and  1  ml  of  water  were  added,  after  cooling,  0.5  ml  of  a  1  N  solution  of  NaOH  and  2  ml  of  phosphate  buffer 
(8,0  pH).  The  pH  of  the  reaction  mixture  was  brought  to  7. 9-8.1  by  potentiometric  titration,  and  the  reaction 
mixture  was  then  allowed  to  stand  at  20*  in  a  thermostatted  bath.  The  pH  of  the  solution  did  not  change  over  a 
period  of  2  hr.  and  5-7  mg  of  the  enzyme  was  then  added  to  the  reaction  mixture.  After  a  specific  time,  the 
pH  of  the  solution  was  measured  potentiometrically,  and  was  returned  to  its  original  value  by  the  addition  of 
0.1  N  base  The  results  of  the  measurements  are  presented  in  Fig-  2  (curves  1  and  2).  For  comparison,  the  hy¬ 
drolysis  of  0-benzoylglycylglycolic  acid  was  studied  under  analogous  conditioits  (curve  3). 
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chymotrypsin.  a)  A  solution  of  458  mg  of  0-(benzoylglycylglycyl)glycolic  acid  in  12  ml  of  hot  alcohol  was 
cooled  and  then  titrated  with  a  base,  and  the  alcohol  was  then  distilled  under  vacuum.  To  the  residue  were  ad¬ 
ded  1.479  g  of  the  ethyl  ester  of  leucyl  chloride  in  7.56  ml  of  1  N  base  and  2  ml  of  phosphate  buffer  (pH  8.0). 
The  pH  of  the  reaction  mixture  was  then  brought  to  8  08,5-7  mg  of  the  enzyme  was  added,  and  the  mixture  was 
allowed  to  stand  in  a  thennostatted  bath  at  20*.  A  slight  turbidity  appeared  in  the  solution  after  3  hr.  Two-thirds 
of  the  solution  was  extracted  with  ethyl  acetate,  and  the  extract  was  washed  with  a  2  N  solution  of  hydrochloric 
acid,  a  107»  solution  of  soda,  and  water.  The  ethyl  acetate  was  distilled  under  vacuum,  and  the  residual  oil  was 
hydrolyzed  for  7  hr  with  a  207p  solution  of  hydrochloric  acid.  The  solution  was  evaporated  to  dryness  under 
vacuum,  and  the  residue  was  dissolved  in  0.5  ml  of  acetic  acid.  The  hydrosylate  was  chromatographed  in  the 
system  l-butanol“water- acetic  acid  (4:5:  1),  and  only  insignificant  amounts  of  glycine  and  leucine  "were 
found.  To  the  remaining  third  of  the  solution  were  added  a  solution  of  100  mg  of  0-(benzoylphenylalanyl)gly- 
colic  acid  in  alcohol  and  an  equivalent  amount  of  base.  Precipitation  began  after  10  min.  This  material  was 
benzoyl- L-phenylalanyl-L- leucine,  the  amino  acid  composition  of  which  was  determined  by  means  of  paper  chrO' 
matography. 

b)  A  151- mg  sample  of  0-(benzoylglycylglycyl)glycolic  acid  was  treated  with  500  mg  of  the  ethyl  ester 
of  leucyl  chloride  in  the  manner  described  above,  but  in  the  absence  of  enzyme;  only  insignificant  amounts  of 
glycine  and  leucine  were  detected  by  cltromatography. 

SUMMARY 

1.  A  study  was  made  of  the  behavior  of  the  ester  bond  in  0-dipeptidyl  derivatives  of  serine  and  glycolic 
acid  during  alkaline  and  enzymatic  hydrolysis  and  during  ammonolysis. 

2.  It  was  shown  that,  in  contrast  to  the  0-aminoacyl  derivatives  of  serine  and  glycolic  acid,  the  0-dipep¬ 
tidyl  derivatives  are  more  easily  hydrolyzed  by  bases,  react  mote  difficultly  with  ammonia,  are  hydrolyzed  by 
chymotrypsin,  and  do  not  enter  into  reaction  with  esters  of  amino  acids  under  the  influence  of  chymotrypsin. 
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Vinylalkylacetylcnes  readily  add  lithium  alkyls  with  the  fonnation,  after  treatment  of  the  addition  prod¬ 
uct  with  water,  of  disubstituted  allenic  hydrocarbons  [1].  Divinylacetylene  and  its  homologs  behave  in  a  similar 
manner  with  respect  to  addition  of  lithium  alkyls.  Vinylallenes  are  obtained  in  this  case.  The  addition  of  the 
alkyl  radical  to  unsymmctrical  dienes  proceeds  predominantly  on  the  side  of  the  unsubstituted  vinyl  group  [2]. 

It  therefore  seemed  of  interest  to  investigate  the  manner  of  addition  of  lithium  alkyls  to  derivatives  of 
vinylalkylacetylcnes,  in  particular,  to  vinylacetylenic  alcohols. 

Secondary  and  tertiary  vinylacetylenic  alcohols— methyl-  and  dimethylvinylacetylenylcarbinols"  were  se¬ 
lected  as  objects  of  investigation  in  the  present  work.  The  reaction  mixture  was  carried  out  in  ether  with  cool¬ 
ing  of  the  mixture  during  the  reaction,  i  e..  under  the  conditions  previously  used  during  the  study  of  the  addition 
of  lithium  alkyls  to  hydrocarbons.  Demetallation  was  carried  out  with  water. 

In  all  cases,  the  reaction  proceeded  without  any  complication  and  with  the  almost  exclusive  formation  of 
allenic  alcohols  in  accordance  with  the  scheme  (for  a  secondary  alcohol); 

n-(.iioii-(:^r:-ciir=(;ii.,  —  IL  n-(;ii()ii-(;Li=c={;ii— 

The  structure  of  the  carbon  skeleton  in  the  product  alcohols  was  proved  by  hydrogenation  of  the  alcohols 
to  the  corresponding  saturated  compounds  and  alternate  synthesis  of  the  latter. 

Hydrogenation  of  the  alcohol  obtained  from  the  product  of  the  addition  of  butyllithium  to  methylvinyl- 
acetylenylcarbinol  (l-hexen-3-yn-5-ol)  gave  2-decanol;  the  properties  and  infrared  spectrum  of  this  product 
Were  closely  similar  to  those  of  2-decanol  prepared  by  the  action  of  octylmagnesium  bromide  on  acetaldehyde. 
Oxidation  of  these  two  samples  of  2-decanol  gave  the  same  methyl  octyl  ketone  (2-decanone). 

Hydrogenation  of  the  tertiary  alcohol  obtained  from  the  addition  of  butyllithium  to  dimethylvinylacetyl- 
enylcarbinol  gave  dimethyloctylcarbinol  (2- methyl- 2-decanol),  which  was  almost  identical  in  physical  proper¬ 
ties  and  infrared  spectrum  to  2- methyl- 2-decanol  prepared  by  the  action  of  octylmagnesium  bromide  on  acetone. 

It  has  thus  been  established  that  in  both  of  these  cases  the  radical  adds  to  the  terminal  carbon  atom  of  the 
conjugated  system. 

The  question  of  the  disposition  and  nature  of  the  multiple  bonds  was  unequivocally  resolved  on  the  basis 
of  an  investigation  of  the  infrared  spectra  of  the  unsaturated  alcohols.  These  spectra  (Fig.  1)  contained  a  very 

•Enyne  compounds.  XLVI. 
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Fig.  1.  Infrared  transmission  spectra  (film  thickness,  32  p).  1)  3,4-Decadien- 
2-ol,  2)  2-methyl-3,4-decadien-2-ol,  3)  3,4-nonadien-2-ol. 

strong  band  at  1970  cm'^  as  well  as  a  band  at  875  cm'^;  these  bands  are  characteristic  of  disubstituted  allenes. 
The  corresponding  frequencies  for  acetylenic  (about  2250  cm‘^)  and  1.3-diene  (about  1600  cm'^)  groups  were 
very  weak  (Fig.  1,  curves  1-3). 

All  of  these  data  indicate  that,  as  in  the  case  of  hydrocarbons  (vinylalkylacetylenes),  the  addition  of  lith¬ 
ium  alkyls  to  vinylacetylenic  alcohols  proceeds  with  the  almost  exclusive  formation  of  allenic  alcohols;  how¬ 
ever,  acetylenic  and  1,3-dienic  alcohols  were  present  as  slight  impurities. 

The  acetylenic  alcohols  are  most  probably  products  of  allene- acetylene  isomerization  of  the  primary  ad¬ 
dition  products  at  the  instant  of  addition  or  during  the  subsequent  treatment  of  the  addition  products  with  water. 
A  similar  assumption  may  be  made  relative  to  the  origin  of  the  1,3-dienic  alcohols;  they  ate  probably  formed 
as  the  result  of  an  allene  “1,3-diene  rearrangement,  and  not  as  the  result  of  the  addition  of  the  lithium  alkyl 
at  the  triple  bond,  since,  if  the  latter  were  the  case,  1,3-dienes  with  a  vinyl  group  would  be  formed,  and  the 
bands  of  the  vinyl  group  were  not  present  in  the  spectra. 

It  is  also  possible  that  tlie  acetylenic  alcohols  are  formed  during  the  water  treatment  of  lithium  alkyl  ad¬ 
dition  products  of  the  following  structure: 

H-CIIOH-C=C-CHLi-ClI,-R'. 

Thus,  the  previously  established  rule  regarding  the  manner  of  addition  of  lithium  alkyls  to  vinylalkylace¬ 
tylenes  can  now  be  extended  to  alcohols  in  which  the  structure  of  the  enyne  system  is  the  same  as  in  the  hydro¬ 
carbons. 


EXPERIMENTAL 

The  original  methylvinylacetylenylcarbinol  (l-hexen-3-yn-5-ol)  was  prepared  by  the  action  of  vinylace- 
tylenylmagnesium  bromide  on  acetaldehyde  [3].  The  dimethylvinylacctylenylcarbinol  (5-methyl-l-hexen-3- 
yn-5-ol)  was  a  commercial  product.  It  was  distilled  prior  to  the  experiments. 

The  method  by  which  the  addition  of  lithium  alkyls  was  carried  out  has  been  described  previously  [1].  In 
the  present  work,  the  ether  solutions  of  lithium  alkyls  were  prepared  from  6  g  of  lithium  and  the  corresponding 
amounts  of  alkyl  chlorides. 

Addition  of  butyllithium  to  methylvinylacetylenylcarbinol.  The  reaction  of  12  g  of  methylvinylacetyl¬ 
enylcarbinol  with  the  ether  solution  of  butyllithium  and  subsequent  treatment  of  the  reaction  mixture  with  water 
gave  14.5  g  of  a  substance  with  the  constants  given  below  and  3  g  of  higher- boiling  residue  which  formed  a  tar 
during  the  distillation. 
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Fig.  2.  Infrared  transmission  spectra.  1)  2-Decanone,  2)2-methyl- 
2-decanol  (differing  frequencies  for  known  samples  are  shown  as 
broken  lines). 

3.4-Decadien  -2-ol  B.p.  97-98*  (10  mm).  111-112*  (20  mm),  d”^  0.8563,  n^D  1.4690,  MR  50.16;  calc. 

48.97. 

Found  C  78.07.  77.83;  H  11.97,  11.85.  CioH„0.  Calculated  %:  C  77.86;  H  11.76. 

1.  r. -spectrum;  730  s.  840  w.  875  s.  925  s.  1060  s,  1079  s.  1116  s,  1146  s.  1240  av,  1297  s.  1318  s.  1373  s. 
1429s.  1450  s.  1464  s.  1603  vw.  1972  s.  2701  w,  2862  s.  2932  s.  2962  s.  3400-3500  vs  cm*'. 

During  exhaustive  hydrogenation  of  3.67  g  of  the  substance  over  colloidal  pallaaium,  481  ml  Hj  (17.5*, 

771  mm)  was  absorbed;  this  is  about  84% of  the  calculated  amount.  There  was  obtained  3.0  g  of  methyloctyl- 
carbinol  with  a  b.p.  of  95-97°  (10  mm),  d^4  0.8256,  n®D  1.4330. 

I.  r.- spectrum  (major  frequencies):  729  s,  840  w,  905  w,  934  s,  947  s,  990  w,  1020  av.  1052  s,  1085  s, 

1115  s.  1142  s.  1250  w.  1298  av.  1365  s.  1410  av,  1442  av.  1450  av,  1464  s  cm"^. 

This  same  alcohol  was  obtained  by  the  action  of  acetaldehyde  on  an  ether  solution  of  octylmagnesium 
bromide. 

B.p.  95- 9T (10  mm),  d**4  0.8256,  n^D  1.4300.  Literature  data  [4]:  b.p,  110-111*  (10  mm). 

The  infrared  spectrum  was  distinguished  from  the  spectrum  of  the  sample  described  above  by  having  weaker 
bands  in  the  940  and  1290  cm*^  regions.  Obviously,  these  differences  are  associated  with  the  presence  in  the  first 
sample  of  a  slight  amount  of  unsaturated  alcohol,  since  the  hydrogenation  was  not  complete. 

The  two  samples  of  2-dccanol  were  oxidized  with  sodium  dichromate  (10%  excess)  in  acetic  acid  with  drop- 
wise  addition  of  50%  sulfuric  acid.  The  product  in  the  two  cases  was  the  same“2-decanone,  with  the  same  con¬ 
stants,  the  same  melting  points  of  the  semicarbazone  and  2.4-dinitrophenylhydrazone,  and  practically  superim- 
posable  infrared  spectra. 

B.p.  210-212*  (765  mm),  d^4  0,8236,  n^D  1.4252.  Semicarbazone;  m.p.  123*  (from  aqueous  alcohol). 
2,4-Dinitrophenylhydrazone;  m.p.  73*  (from  aqueous  alcohol). 

Literature  data  [5];  b.p.  209*  (750  mm),  d®4  0,8230,  n^D  1.4263.  Semicarbazone;  m.p.  122-123*. 

Mixed  samples  of  the  crystalline  derivatives  prepared  from  the  two  ketone  samples  melted  at  the  same 
temperature  as  the  pure  substances. 

I.  r.  spectrum  of  2-decanone  (major  frequencies):  721  av,  967  w,  1016  vw.  1066  vw,  1118  w,  1163  s, 

1219  av,  1242  av,  1281  w,  1360  s,  1414-1466  (apparently  five  strong  frequencies),  1714  s,  1728  s  cm’^  (Fig-  2, 
curve  1). 
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Addition  of  hutyllithium  to  diinethylvinylacetylenylcarbinol-  The  reaction  of  12  g  of  d  im  ethyl  viny  lace - 
tylenylcaibinol  with  an  ether  solution  of  hutyllithium  by  the  usual  method  gave  14.5  g  of  an  allenic  alcohol  with 
the  constants  given  below.  3  g  of  a  lower- boiling  fraction,  and  3  g  of  residue- 

2-Methyl-3.4-decadien-2-ol.  B.p.  96-97*  (10  mm).  d“4  0.8478.  n^D  1.4640,  MR  54.77;  MR  calc.  53  89 

Found  %:.C  78.48.  78. 32;  11  12.06,  12.04.  CuHjoO.  Calculated  °lo-.  C  78.51;  H  11.98. 

I.  r.  spectrum;  729  s.  764  av.  778  av.  837  w.  873  s.  894  s.  964  s.  1146  vs.  1238  s.1337  s.  1361  s.  1406  s. 

1446  s,  1461  s.  1600  w  (diffuse).  1969  s.  '2235  w.  2272  vw.  2863  s.  2928  s,  2963  s.  3400-3500  v.s.  cm*^ 

During  exhaustive  hydrogenation  of  3.2  g  of  the  substance  in  25  ml  of  methanol  over  colloidal  palladium, 
400  ml  of  H2  (17. 5“,  779  mm)  was  absorbed;  this  is  about  87%of  the  calculated  amount.  There  was  obtained 
2.6  g  of  dimethyloctylcarbinol. 

B.p.  100-101"  (10  mm).  d\  0.8243,  n^D  1.4350. 

I.r.- spectrum  (major  frequencies);  770  av,  910  s,  958  av,  1083  av,  1110  av,  1153  s,  1195  s,  1378  s,  1468  s 

cm*^ 

The  same  alcohol  was  obtained  by  the  action  of  acetone  on  octylmagnesium  bromide. 

B.p.  100-101"  (10  mm).  d“4  0.8238,  n^D  1.4358.  Literature  data  [6):  b.p.  82-83"  (1-2  mm). 

The  i.r.  spectrum  of  this  substance  was  superimposable  on  the  spectrum  of  the  dimethyloctylcarbinol  ob¬ 
tained  by  hydrogenation  of  the  allenic  alcohol  without  substantial  deviations  (Fig.  2,  curve  2). 

Addition  of  propyllithium  to  dimethylvinylacetvlenylcarbinol.  From  12  g  of  dimethylvinylacetylenylcar- 
binol  and  an  ether  solution  of  propyllithium  was  obtained  14  g  of  an  allenic  alcohol  with  the  constants  shown 
below,  2  g  of  a  lower- boiling  fraction,  and  3  g  of  residue. 

2-Methyl-3.4-nonadien-2-ol.  B.p.  85-86"  (10  mm),  97.5-98.5"  (20  mm).  d“4  0.8504,  n®D  1.4640,  MR 
50.05.  MR  calc.  49.27. 

Found  C  IIM.  77.99;  H  12.00,  11.86.  CjoHyO.  Calculated  C  77.86;  H  11.76. 

I.  r.  spectrum;  734  s,  743  s,  764  s,  783  av,  808  w,  872  s.  896  s.  966  s,  997  w.  1150  vs,  1239  s,  1373  vs, 

1409  s,  1460  s.  1600  w  (diffuse).  1974  s.  2244  vw.  2863  s.  2927  s.  2958  s.  3400-3500  vs  cm*^ 

SUMMARY 

1.  The  manner  of  addition  of  lithium  alkyls  to  vinylalkylacetylenic  alcohols- methyl-  and  dimethylvinyl- 
acetylenylcarbinol-  were  investigated. 

2.  It  was  shown  that  inall  cases  the  reaction  proceeds  predominantly  by  1,4- addition,  and  the  alkyl  group 
attaches  to  the  terminal  atom  of  the  vinylacetylenic  system. 
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Chromone- 2- carboxylic  acids  with  substituents  in  the  benzene  ring  may  be  prepared  by  cyclization  ofthe 
corresponding  phenoxyfumaric  acids  (see,  for  example,  references  [1,  2])  or  by  conderrsation  of  substituted  2'hy- 
droxyacetophenones  with  diethyl  oxalate  under  the  influence  of  sodium  followed  by  cyclization  of  the  resulting 
esters  of  o-hydroxybenzoylpyruvic  acid  to  esters  of  chromonecarboxylic  acid  and  hydrolysis  of  the  latter  (see, 
for  example,  references  [3-5]). 

Sodium  ethylate  has  been  used  as  the  condensation  catalyst  in  the  synthesis  of  unsubstituted  chromone-2- 
carboxylic  acid  [6].  The  intermediate  products,  the  sodium  derivative  of  ethyl  o-hydroxybenzoylpyruvate  and 
of  the  ester  of  chromonecarboxylic  acid,  are  separated  by  this  method.  If  it  is  desired  to  obtain  chtomone-2- 
carboxylic  acid  directly,  the  process  can  be  carried  out  without  separation  of  the  intermediate  product  [7]. 

The  present  communication  describes  the  synthesis  of  substituted  chromone- 2- carboxylic  acids  (I- VI)  by 
condensation  of  o-hydroxyacylbenzenes  with  diethyl  oxalate  in  the  presence  of  an  alcohol  solution  of  sodium 
ethylate. 
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(I-VI) 

This  same  route  has  been  used  for  the  preparation  of  3- methylchromone*  2- carboxylic  acid  (VII).  Like 
the  unsubstituted  ketone,  2-hydroxyacetophenones  with  CH3,  Cl,  and  CH3O  as  substituents  rather  easily  condense 
under  the  influence  of  1  mole  of  sodium  ethylate  in  alcohol  [in  the  experiment  with  5- methyl- 2-hydroxyaceto- 
phenonc,  1.5  moles  of  alcoholate  was  used  in  order  to  obtain  the  highest  possible  yield  of  acid  (I)].  3,5-Dibromo 
and  5-nitro-2-hydroxyacetophenonc  undergo  practically  no  condensation  with  diethyl  oxalate  in  the  presence  of 
1  mole  of  sodium  ethylate;  this  is  evidently  due  to  the  relatively  high  acidity  of  the  phenolic  hydroxyl.  It  was 
necessary  to  use  2  moles  of  sodium  ethylate  to  carry  out  the  condensation  successfully. 

In  addition  to  substituted  chromone -2- carboxylic  acids,  we  also  characterized  a  number  of  esters  of  these 
acids.  The  esters  were  prepared  by  esterification  or  by  the  condensation  of  o-hydroxyacylbenzenes  as  described 
above. 

Under  the  synthesis  conditions  used  for  the  unsubstituted  chromone -2- carboxylic  acid  [7],  certain  of  the 
intermediately  formed  esters  do  not  hydrolyze  completely,  possibly  owing  to  their  poor  solubility  in  the  aqueous 
alcohol  medium.  For  this  reason,  in  the  preparation  of  acids  (V  and  VI)  the  corresponding  esters  were  first  separ¬ 
ated  in  the  free  form,  and  were  then  hydrolyzed  in  a  more  appropriate  medium. 
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acid  (I)  from  0.16  mole  of  4- methyl- 2-liydroxyacetophenone  and  0.17  mole  of  sodium  etliylate  in  150  ml  of 
anhydrous  alcohol. 

Acid  (n)  (19.5  g),  which  was  separated  by  the  method  described  above  was  recrystallized  from  alcohol. 

An  additional  amount  of  the  acid  was  separated  from  the  mother  liquor.  This  material  was  re  crystallized  from 
acetic  acid.  The  over- all  yield  was  16.8  g  (55?o).  M.p.  261"  (with  decomposition;  from  alcohol). 

Found  %;  C  65.04,  64.89;  H  4.18.  4.17.  C11H8O4.  Calculated  C  64.69;  H  3.95. 

Methyl  ester  of  7-methylchromonc-2-carboxylic  acid.  This  ester,  prepared  by  direct  esterification  as  de¬ 
scribed  above,  was  obtained  in  92‘^'o  yield.  The  m.p.  was  172-173.5*  (from  methanol). 

Found  *70;  C  65.80,  65.77;  H  4.50,  4.43.  C12H10O4.  Calculated  C  66.05;  H  4.62. 

6- Chlorochroinone- 2- carboxylic  acid  (HI)  The  reaction  was  carried  out  as  in  the  preparation  of  acid  (I) 
using  29.2  g  of  5-chloro-2-hydroxyacetophcnone  and  4  g  of  sodium  in  90  ml  of  anhydrous  alcohol.  The  reaction 
product  was  separated  by  filtration  and  dissolved  by  shaking  with  aqueous  NaHCOj  and  benzene.  Acidification 
of  the  solution  precipitated  acid  (HI),  which  was  separated  by  filtration,  washed  with  water,  and  dried.  It  was 
treated  with  boiling  dich lor oe thane  (250  ml)  and  washed  with  dichloroothane  and  alcohol.  The  yield  was  13.2  g 
(34%)  of  acid  (IH).  The  m.p.  \;as  262*  (with  decomposition;  from  alcohol).  Reference  [1]  reports  an  m.p.  of 
261-262*  (with  decomposition). 

The  benzene  solution  was  evaporated  and  the  residue  was  recrystallized  from  alcohol  (containing  carbon); 
10.9  g  (25%)  of  the  ethyl  ester  of  6- chlorocliromone- 2- carboxylic  acid  was  obtained.  The  m.p.  was  136-136.5* 
(from  alcohol). 
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for  the  preparation  of  acid  (I)  with  45  g  of  2-hydroxypropiophenone  and  13.8  g  of  sodium  in  300  ml  of  alcohol 
(the  time  for  the  ester  condensation  was  increased  to  5  hr).  The  reaction  product  was  recovered  by  filtration 
(precipitate  A),  washed  with  water  and  petroleum  ether,  and  then  dissolved  by  treatment  with  benzene  and  aque¬ 
ous  bicarbonate.  Acid  (VII)  was  precipitated  from  the  bicarbonate  solution.  The  crude  acid  (17.4  g)  was  purified 
by  recrystallization  from  alcohol,  and  the  yield  was  12.76  g  (including  the  acid  recovered  from  the  mother  liquor). 
Distillation  of  the  solvent  from  the  benzene  solution  and  recrystallization  of  the  residue  yielded  9.75  g  of  the 
ethyl  ester  of  acid  (VII).  The  filtrate  and  wash  liquid  from  precipitate  A  were  combined  and  extracted  with  ben¬ 
zene.  Acid  (Vn)  (2.3  g)  was  extracted  from  the  benzene  solution  with  aqueous  bicarbonate,  and  was  puriHedby 
recrystallization  from  alcohol.  The  yield  was  0.75  g;  the  over-all  yield  of  acid  (VII)  was  13.5  g  (22%).  The 
m.p.  was  231.5  g  (from  alcohol).  Reference  [8]  gives  an  m.p.  of  233-234*. 

The  solvent  was  distilled  from  the  benzene  solution,  and  the  unreacted  hydroxypropiophenone  (8,9  g)  was 
then  distilled  under  vacuum  An  additional  7.75  g  of  the  ethyl  ester  was  separated  from  the  distillation  residue 
and  the  filtrates  from  the  recrystallization  of  the  ester.  The  over- all  yield  of  ester  was  17,5  g  (25%).  The  m.p. 
was  93.5-94*  (from  alcohol).  Reference  [8]  gives  an  m.p.  of  89-90*. 
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SUMMARY 


A  number  of  substituted  chromone- 2- carboxylic  acids  and  tlieir  esters  were  prepared  by  condensation  of 
the  appropriate  o  hydroxyacylbenzenes  with  diethyl  oxalate  in  the  presence  of  an  alcoholic  solution  of  sodium 
ethylate. 
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The  bromination  of  1,1-diphenyl- 1-propanol  (I)  can  vary  depending  on  the  conditions  [1,  2].  In  anhy¬ 
drous  solvents  (CHCI3,  CCI4,  and  CHgCOOH),  the  end  product  of  the  reaction  is  1,1-diphenyl- 2- bromo-l-pro- 
pene  (HI). 


(C,.M:,)XOU-CM2-Cil3  -f  Ufa  — »•  (CcII.O.COH-CUBr-CHa  -f  HBr  — > 

(1)  (11) 

I(C«Il5)..CBi  -CI!Br-Cri3l4-nOH  —  (Cun5)2C=CBr-Cn3  4- HBr 

(HI) 

In  80% acetic  acid,  the  reaction  stops  at  the  first  stage  with  the  formation  of  1,1- diphenyl- 2- bromo-1- 
propanol  (II). 

It  seemed  of  interest  to  determine  whether  further  replacement  of  the  hydrogen  atoms  of  this  substance 
by  bromine  is  possible  and  also  to  clarify  the  course  of  the  reaction;  both  of  these  objectives  were  accomplished 
in  the  present  work. 

Bromination  of  1, 1- diphenyl- 2- bromo-1- propanol  (H)  in  chloroform  proceeds  smoothly  under  illumina¬ 
tion  by  direct  sunlight  or  ultraviolet  light.  During  the  reaction,  there  is  copious  evolution  of  hydrogen  bromide, 
and  an  unstable,  greenish,  crystalline  substance  is  formed,  which  on  standing  in  air  at  room  temperature,  slowly 
loses  HBr  and  is  converted  to  a  yellowish,  crystalline  material  which  proved  to  be  1,1-diphenyl- 2,3-dibromo- 
1-propene  (IV).  This  dibromide  is  a  stable  compound,  but  under  the  action  of  alcoholic  alkali  a  molecule  of 
hydrogen  bromide  is  split  out  to  form  1,1- diphenyl- 3- bromopropadiene  (V). 

([!)  l(C,,H5).2COII-CBBr-Cn2Br)  -|-  HBr  — > 

—  H.O-f  KCoHojaCBr-CIlBr-CHaBr]  —>  IlBr  +  (CoIl3).2C=CBr-CH2Br  — *« 

(IV) 

(Ccn5).2C=C=ClIBr  +  HBr  (V) 

Oxidation  of  dibromide  (IV)  with  nitric  acid  and  of  bromide  (V)  with  potassium  permanganate  yields  only 
benzophenone,  which  confirms  the  structures  of  these  compounds. 

We  attempted  to  make  use  of  the  weakness  of  the  carbon"  bromine  bond  in  unsaturated  bromides  (in)and 
(IV)  to  prepare  1,1-diphenylpropadiene,  which  has  not  been  prepared  up  to  the  present.  With  this  aim,  we  elim¬ 
inated  bromine  from  1,1-diphenyl- 2, 3-dibromo-l-propene  by  means  of  magnesium  in  ether.  The  reaction 
proceeded  vigorously,  and  0.5g.at.of  magnesium  was  consumed  per  mole  of  bromide.  The  product  was  a  dark- 
red,  oily  liquid  which  was  converted  to  a  red- brown  polymer  during  an  attempt  to  distill  it  at  3  mm  pressure. 
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The  action  of  alcoholic  alkali  on  1,1-diphenyl- 2- bromo-l-propene  liberated  almost  the  theoretical  amount 
of  potassium  bromide,  and  two  reaction  products  were  formed" a  dark  red,  oily  liquid,  which  was  the  major  prod¬ 
uct,  and  a  linle  crystalline  material.  It  was  not  possible  to  obtain  these  two  substances  as  pure  chemical  individ¬ 
uals.  An  investigation  of  the  crystalline  substance  suggested  that  it  was  a  dimer  of  1,1-diphenylpropadiene.  This 
substance  was  converted  by  tlie  action  of  bromine  into  a  dibromide  which  contained  bromine  in  the  amount  re¬ 
quired  for  a  dimer  of  1,1-diphenylpropadiene.  On  the  basis  of  the  investigations  of  S.  V.  Lebedev  [3]  of  dimers 
of  unsymmetrical  dimcthylallenc.  the  structures  of  our  l.l-dipbenylpropadiene  dimer  and  its  dibromide  can  prob¬ 
ably  be  represented  by  formulas  (VI)  and  (VII). 

( ( v,i  h,)  ,c;=c-r,  1 1.,  ( cj  i;,).,c=c-  c.  1 1  Hr 

■'ll'  'll 

(Qllo).,C=C-(Hl.,  (CoH.,).,C=C-Cnnr 

(VI)  (VII) 

EXPERIMENTAL 

1,1- Diphenyl- 2- bromo-1- propanol  (11)  was  prepared  by  the  action  of  bromine  on  1, 1- diphenyl- 1- propanol 
in  80%  acetic  acid  [1]. 

The  action  of  bromine  on  1.1-diphenyl- 2-bromo- 1-propanol.  (Preparation  of  1,1-diphenyl- 2,3- dibromo- 


mide  (V)  dissolved  in  150  ml  of  acetone  (the  acetone  was  preliminarily  refluxed  with  KMn04  for  8  hr)  was  grad¬ 
ually  added,  with  stining,  10.8  g  of  finely  ground  potassium  permanganate;  the  reaction  mi.xture  was  cooled  with 
ice  water  during  the  addition.  Oxidation  proceeded  very  slowly  and  reduction  of  tlie  oxidizing  agent  was  almost 
complete  only  after  7  days.  The  reaction  mixture  was  treated  in  the  usual  manner.  Ihe  presence  of  benzophe- 
none  among  the  neutral  products  of  the  reaction  was  established.  The  semicarbazonc  melted  at  165-166*.  A 
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mixture  of  this  semicarbazone  with  bcnzophenone  semicarbazone  showed  no  depression  of  the  melting  point.  A 
small  amount  of  acetic  acid  was  detected  in  the  volatile  acids;  this  was  undoubtedly  formed  by  oxidation  of  the 
acetone. 

Bromination  of  1.1- diphenyl- 2- bromo-l-propene.  To  4.5  g  of  unsaturated  monobromide  (HI)  in  chloro¬ 
form  was  added  2.6  g  of  bromine.  The  interaction  of  the  halogen  with  the  bromide  proceeded  smoothly  under 
illumination  by  sunlight;  hydrogen  bromide  was  eliminated  during  the  reaction.  Upon  evaporation  of  the  chloro- 
fonn  tliere  remained  a  yellow-orange,  crystalline  substance,  which  liberated  hydrogen  bromide.  When  the  liber¬ 
ation  of  HBr  had  ceased,  the  substance  was  recrystallized  from  a  mixture  of  alcohol  and  acetone.  There  was  ob¬ 
tained  3.1  g  of  white  crystals  with  an  m.p.  of  87-88*.  A  mixture  of  this  substance  with  that  obtained  by  bromiru 
tion  of  bromohydrin  (D)  [1,1-diphenyl- 2, 3-dibromo-l-propene  (IV)]  showed  no  depression  of  the  melting  point. 

The  action  of  alcoholic  alkali  on  1,1- diphenyl- 2- bromo-l-propene.  To  20  g  of  bromide  (HI)  dissolved  in 
40  g  of  alcohol  was  added  40  g  of  alcoholic  KOH  (1  part  of  base  in  2  parts  of  alcohol),  and  the  mixture  was 
heated  in  a  flask  fitted  with  a  reflux  condenser  for  12  hr  on  a  water  bath.  Potassium  bromide  was  precipitated 
during  the  heating.  The  reaction  mixture  was  then  diluted  with  water,  and  a  dark  red  oily  liquid  separated;  this 
was  extracted  with  ether.  The  ether  solution  was  dried,  and  the  solvent  was  distilled  under  vacuum.  We  were 
unable  to  separate  an  individual  compound  from  the  residue.  In  addition  to  the  liquid  material,  there  was  also 
formed  2.2  g  of  white  crystals,  which  were  insoluble  in  ether  and  alcohol,  but  which  dissolved  in  acetone  and 
benzene  on  heating  and  in  chloroform  at  room  temperature.  The  m.p.  was  189-190*. 

Found  %  C  93.98;  H  6.67.  M  327.7,  336.8.  C30H24.  Calculated  %:  C  93.75;  H  6.25;  M  3.84. 

An  attempt  to  improve  the  analytical  results  by  a  second  recrystallization  were  not  successful. 

The  action  of  bromine  on  diphenylpropadiene  dimer.  To  a  solution  of  4.7  g  of  the  material  in  chloroform 
was  slowly  added  4.0  g  of  bromine.  The  bromine  was  rapidly  decolorized,  but  there  was  a  simultaneous  evolu¬ 
tion  of  HBr,  and  the  solution  acquired  a  dark  green  color.  The  reaction  products  were  washed  with  a  solution  of 
potassium  carbonate  and  then  with  water,  and  dried  with  CaCl^.  The  mixture  was  filtered,  and  the  chloroform 
was  evaporated  from  the  transparent,  orange -colored  solution.  After  some  time,  a  white,  crystalline  substance 
separated;  m.p.  140-141*  (from  alcohol). 

Found  ^0:  Br  28.78.  M  522.8.  CgoH22Br2.  Calculated  %:  Br  29.52;  M  542.0. 

SUMMARY 

1.  The  bromination  of  1,1-diphenyl- 2-bromo- 1-propanol  and  of  1,1- diphenyl- 2- bromo-l-propene  pro¬ 
ceeds  by  substitution  of  bromine  for  the  hydrogen  atom  attached  to  tile  tertiary  carbon  atom.  The  same  product 
is  formed  in  the  two  cases“ l,l-diphenyl-2, 3-dibromo-l-propene. 

2.  The  action  of  alcoholic  alkali  on  l,l-diphcnyl-2,3-dibtomo-l-propene  yields  l,l-diphenyl-3-bromo- 
propadiene. 
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The  oxidation  of  unsymmetrical  alkyl- 1,3-dienes  (I)  by  acetyl  hydroperoxide  always  leads  to  the  forma¬ 
tion  of  two  different  products,  the  products  formed  depending  on  the  quantitative  relationship  between  the  hydro¬ 
carbon  and  the  hydroperoxide  [1,  2]. 
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CH3.  I 

\C=CH-C= 
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R  =  H,  CH,:  R'  =  Allt. 

When  1  mole  of  hydrocarbon  interacts  with  2  moles  of  the  hydroperoxide,  oxidation  takes  place  at  both 
double  bonds,  and  the  reaction  products  are  a  diepoxy  compound  (H)  and  the  monoacetate  of  an  epoxydiol  which 
may  have  one  of  the  structures  (ni)-(Vin). 
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If  the  hydrocarbon  and  hydroperoxide  are  used  in  equimolar  amounts,  then  only  one  double  bond  under¬ 
goes  oxidation,  and  unsaturated  monocpoxidcs  and  monoacetates  of  unsaturated  diols  are  formed.  The  structure 
of  the  monoopoxide  can  be  that  of  (K)  or  (X),  while  the  structure  of  the  monoacetate  may  correspond  to  (XI)- 
(XVI)t 
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The  present  work  was  devoted  to  a  further  investigation  of  the  structure  of  the  products  of  this  reaction, 
and  the  results  will  provide  a  basis  for  a  more  definite  and  more  accurate  opinion  as  to  the  mechanism  of  the 
oxidation  of  such  hydrocarbons  by  acetyl  hydroperoxide. 

As  may  be  seen  from  structures  (HI)  and  (Vl)-(Vin),  shown  above,  the  structure  of  our  epoxydiol  mono¬ 
acetates  can  include  a  hydroxyepoxide  group.  This  group,  which  distinguishes  a,0  -hydroxyepoxides,  is  respon¬ 
sible  for  their  ability,  with  very  rare  exedptions  [3-7],  to  undergo  cleavage  at  the  C~C  bond  between  the  oxid¬ 
ized  carbon  atoms  of  the  epoxide  ring  and  the  alcohol  group  under  the  influence  of  ZnCl2.  H^SQ*,  and  other  re¬ 
agents  with  the  formation  of  carbonyl  compounds  [8-21].  Thus,  a,  B  -hydroxyepoxides  (XVII),  which  have  a  car¬ 
bon  skeleton  analogous  to  that  of  the  epoxydiols  investigated  in  the  present  work,  are  cleaved  with  the  fcMrma- 
tion  of  isobutyraldehyde  (XVni)  and  the  corresponding  ketones  (XIX)  [18-21]. 
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It  would  naturally  be  expected  that  epoxydiol  monoacetates  would  also  undergo  cleavage  under  the  action 
of  zinc  chloride,  sulfuric  acid,  and  other  reagents  in  a  manner  similar  to  a, 0 -hydroxyepoxides. 

As  a  matter  of  fact,  epoxydiol  monoacetates  (XXVI)  and  (XXVII),  which  were  prepared  by  oxidation  of 
2.4- dimethyl- 2,4- pentadiene  and  2,4- dimethyl- 2,4- hexadiene  [1,  2],  do  undergo  cleavage  with  the  formatiwi 
of  isobutyraldehyde  when  heated  with  anhydrous  ZnCl2-  The  formation  of  this  aldehyde  probably  occurs  in  the 
present  case,  because  the  epoxydiol  monoacetates  have  the  structure  (HI); 
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The  presence  of  other  oxidation  products"  acetates  of  a-hydroxyketones  (XX)~was  not  established. 
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The  ua<:aturated  tnonocpoxide  (XXI)  and  the  unsaturated  diol  monoacetate  (XXII)  were  obtained  by  oxida¬ 
tion  of  2,4,7-trimcthyl-2,4-octadiene  with  1  mole  of  acetyl  hydroperoxide.  The  structures  of  these  two  sub¬ 
stances  were  established  by  hydrogenation  and  subsequent  oxidation  of  the  hydrogenation  products  with  an  aque¬ 
ous  solution  of  potassium  permanganate  • 


In  the  hydrogenation  of  the  monoepoxide,  the  addition  of  hydrogen  took  place  at  the  oxide  ting,  and  the 
double  bond  remained  untouched.  The  hydrogenation  product  was  an  unsaturated  alcohol,  oxidation  of  which 
by  potassium  permanganate  gave  acetic,  isobutyric  and  isovaleric  acids.  These  substances  could  have  been 
formed  only  by  oxidation  of  2,4,7- trimethyl- 4- octen- 3- ol  (XXm). 
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Consequently,  the  monoepoxide  obtained  by  oxidation  of  2,4,7- trimethyl- 2,4- octadiene  by  acetyl  hydro¬ 
peroxide  is  2,4,7-trimethyl-2,3-epoxy-4-octene  (XXI),  and  all  of  the  monoepoxides  obtained  have  the  structuie 
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In  the  hydrogenation  of  the  unsaturated  diol  monoacetate  (XXII)  over  Pt(32,  the  hydrogen  added  across  the 
double  bond  to  yield  a  saturated  diol  acetate.  When  this  compound  was  oxidized  by  potassium  permanganate, 
the  oxidation  products  were  isovaleraldehyde,  methyl  isobutyl  ketone,  isovaleric  acid,  and  acetic  acid.  These 
substances  could  have  been  formed  by  oxidation  of  alcohols  resulting  from  hydrogenation  of  monoacetates  hav¬ 
ing  the  structures  (XI)  and  (XII).  Since  the  most  probable  sbucture  of  the  epoxydiol  monoacetates  is  (HI),  the 
unsaturated  diol  monoacetate  obtained  by  oxidation  of  2,4,7- trimethyl- 2,4- octadiene  by  acetyl  hydroperoxide 
is  2,4,7- trimethyl- 5- acetoxy- 2- octene  (XXII),  and  the  monoacetates  of  the  remaining  unsaturated  diols  corre¬ 
spond  to  formula  (XI). 
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Thus,  the  results  of  the  present  investigation  show  that  the  oxidation  by  acetyl  hydroperoxide  of  the  un- 
symmetrical  alkyl- 1,3- dienes  studied  in  the  present  work  proceeds  in  two  directions  simultaneously;  oxidation 
occurs  in  the  2,3-  and  4,5- positions,  apparently  with  the  formation  of  the  two  conesponding  unsaturated  mono¬ 
epoxides.  Furtlier  oxidation  by  acetyl  hydroperoxide  of  tlie  monoepoxides  with  the  epoxide  ring  at  the  2,3- posi¬ 
tion  yields  diepoxides.  Monoepoxides  with  the  epoxide  ring  at  the  4,5-position  are  probably  acetylated  (22,  23] 
with  the  formation  of  monoacetates  of  unsaturated  diols,  which,  upon  further  oxidation  by  hydroperoxide,  yield 
monoacetates  of  epoxydiols. 

Contrary  to  our  previously  proposed  reaction  scheme  [2],  these  reactions  probably  occur  in  accordance  with 
the  scheme: 
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EXPERIMENTAL 


Interaction  of  2,4-dijnethyl-5-acetoxy-2,3-epoxy-4-pentanol  with  zinc  chloride.  To  2  g  of  the  epoxydlol 
monoacetate  [2]  was  added  0.5  g  of  powdered  anhydrous  ZnCl2.  and  the  mixture  was  heated  on  a  boiling  water 
bath.  The  odor  of  isobut>Taldehyde  was  apparent.  The  reaction  products  were  dissolved  in  dimedon  ,  and  the 
solution  was  then  heated  on  a  boiling  water  bath  for  2  hr.  Crystals  with  an  m.p.  of  150-151*  (from  alcohol)[18] 
had  formed  by  the  following  day.  A  mixture  of  this  material  with  the  dimedon  addition  product  formed  by  Iso* 
butyraldehyde  melted  at  the  same  temperature. 

Lttcraction  of  2,4-dimethyl-5-acetoxy-2,3-diepoxy-4-hexanol  with  zinc  chloride.  When  6  g  of  the 
epoxydiol  monoacetate  [1]  was  heated  with  0.5  g  of  powdered  anliydrous  ZnCl2,  the  odor  of  isobut^Taldehyde  was 
delected.  The  reaction  products  were  collected  in  a  solution  of  dimedon.  After  this  solution  had  been  heated, 
crystals  with  an  m.p.  of  150-151*  (from  ethanol)  formed.  A  mixture  of  these  crystals  with  the  dimedon  addi¬ 
tion  product  formed  by  isobutyTaldehyde  showed  no  depression  of  the  melting  point. 

It  should  be  remarked  that  when  2,4-dimethyl-4,5-diacetoxy  2, 3- epoxyhexane,  previously  prepared  by  us 
[1],  was  reacted  with  anhydrous  zinc  chloride  under  the  same  conditions,  isobutyraldehyde  was  not  formed. 

Oxidation  of  2.4,7-trimethyl-2,4-octadienc  by  acetyl  hydroperoxide.  The  hydrocarbon  was  prepared  by 
dehydration  of  2,4,7-trimeihyl-2-octen-4-ol  [1].  To  94  g  of  the  hydrocarbon  dissolved  in  twice  its  volume  of 
anhydrous  ether  was  slowly  added,  at  a  temperature  not  exceeding  23*,  52  g  of  91.870  acetyi  hydroperoxide.  The 
reaction  proceeded  vigorously,  and  was  practically  complete  immediately  after  the  addition  of  the  hydroperox¬ 
ide.  The  mixture  was  allowed  to  stand  for  2  days,  and  the  reaction  products  were  then  treated  in  the  manner 
described  in  our  preceding  communications  [1,  2].  Distillation  under  vacuum  yielded  two  substances.  One  of 
them  was  obtained  in  a  yield  of  22.4  g.  It  was  a  mobile,  colorless  liquid  with  an  agreeable  odor. 

B.p.  52-53*  (2  mm),  n^D  1.4390,  d®4  0.8342,  MRp  52.97;  calc.  52.10.  The  material  contained  no  active 
hydrogen. 

Found  7o:  C  78.76;  H  11.70.  CuH2oO.  Calculated  7o:  C  78.55;  H  11.98. 

The  yield  of  the  second  substance  (XXII)  was  29.1  g.  It  was  an  oily  liquid,  which  readily  decolorized  a 
solution  of  potassium  permanganate  and  was  soluble  in  organic  solvents. 

B.p.  107-112*  (1.5  mm),  n^D  1.4557,  d^^  0.9623,  MRp  64.37;  calc.  64.95. 

Found  7o:  C  68.38;  H  10.53;  OH  7.93.  M  234.  C13H24O3.  Calculated  °]oi  C  68.39;  H  10.60;  OH  7.45. 

M  228. 

Hydrogenation  of  the  monoepoxide  2,4.7-trimethyl-2,3-epoxy-4-octene  (XXI).  To  15.9  g  of  the  mono¬ 
epoxide  dissolved  in  40  ml  of  anhydrous  alcohol  was  added  0.2  g  of  PtO^,  and  hydrogen  was  passed  throug)i  the 
mixture,  which  was  agitated  in  a  bomb  at  25*.  A  total  of  3750  ml  of  hydrogen  was  absorbed  in  a  period  of  3  hr 
(the  amount  theoretically  required  is  4240  ml).  Since  further  absorption  of  hydrogen  took  place  extremely  slowly. 
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the  catalyst  was  separated  by  filtration  and  washed  with  dry  ether,  and  the  reaction  products  were  dried  with  a 
mixture  of  MgS04  and  K2CO3.  The  solvent  was  distilled  under  vacuum,  and  the  hydrogenation  products  were 
then  distilled.  There  was  obtained  5  g  of  a  substance  which  had  an  agreeable  odor,  decolorized  a  solution  of 
potassium  permanganate,  and,  according  to  oxidation  data,  was  an  unsaturated  alcohol  (XXIII). 

B.p.  66-68*  (2  mm).  n“D  1.4361,  0.8333,  MR^  53.44;  calc.  54.06. 

Found  %  C  77.81;  H  13.07;  OH  9.62.  CuH220.  Calculated  C  77.58;  H  13.01;  OH  9.98. 

Oxidation  of  2,4,7- trimethyl- 4- octen- 3- ol  (XXni)  by  potassium  permanganate.  An  emulsion  was  formed 
with  4.02  g  of  the  alcohol  and  50  ml  of  water,  and  3.3  g  of  MgS04  •  7H2O  and  370  ml  of  a  l^o  solution  of  potas¬ 
sium  permanganate  were  added.  The  oxidation  at  first  proceeded  rapidly  with  evolution  of  heat;  therefore,  the 

mixture  was  cooled  with  ice  water,  and  reduction  of  the  oxidizing  agent  was  then  slowly  completed  over  a  peri¬ 
od  of  25  days.  A  volatile  layer  collected  on  the  surface  of  the  reaction  mixture.  This  material  had  an  agree¬ 
able  odor.  The  aqueous  solution  of  oxidation  products  had  the  odor  of  butyric  acid.  The  reaction  products  were 
treated  in  the  usual  manner.  Among  the  volatile,  neutral  oxidation  products  was  1.5  g  of  a  substance  which  was 
apparently  the  starting  material.  Other  neutral  substances  were  not  identified.  A  test  of  the  solution  of  volatile 
acids  for  formic  acid  was  negative-  The  following  three  fractions  of  silvei  salts  of  the  volatile  acids  were  ob¬ 
tained;  the  acids  were  isovaleric,  isobutyric,  and  acetic. 

1st  fraction  (%):  Ag  found,  51.53;  calculated  for  C5H902Ag,  51.64 

2nd  fraction  (%);  Ag  found,  55.68;  calculated  for  C4H702Ag,  55.35 

3rd  fraction  (%):  Ag  found,  64.67;  calculated  for  C2H302Ag,  64.64. 

Hydrogenation  of  the  unsaturated  glycol  monoacetate  2,4,7-trimethyl-5-acetoxy-2-octene-4-ol  (XXII). 

To  20.95  g  of  tile  monoacetate  dissolved  in  50  ml  of  anhydrous  alcohol  was  added  0.12  g  of  Pt02.  The  mixture 
was  agitated  mechanically,  and  hydrogen  was  passed  through  it  at  20-25*.  The  first  1000  ml  of  hydrogen  was 
absorbed  rapidly,  whUc  the  second  half  of  the  hydrogen  was  absorbed  slowly.  Over  a  period  of  2  hr,  2080  ml  of 
hydrogen  was  introduced  (2060  ml  is  the  calculated  amount  required).  At  the  conclusion  of  the  hydrogenation, 
the  catalyst  was  removed  by  filtration  and  washed  with  ether,  and  the  hydrogenation  products  were  dried  with 
MgS04.  The  solvent  was  distilled  under  vacuum,  and  the  reaction  products  were  then  distilled-  There  was  ob¬ 
tained  6.8  g  of  a  substance  which,  according  to  the  results  of  the  oxidation  experiment,  was  2,4,7-trimethyl-5- 
acetoxyoctanol. 

B.p.  117-120*  (2.5  mm),  n^D  1.4473,  d“4  0.9519,  MR^  64.69;  calc.  65.41. 

Found  %:  C  67.87;  H  11.04.  C13H20O3.  Calculated  C  67.76;  H  11.38. 

Oxidation  of  2,4,7- trimethyl- 5- acetoxy- 4 -octanol  by  potassium  permanganate.  To  an  emulsion  of  6.5  g 
of  the  alcohol  obtained  by  hydrogenation  of  unsaturated  diol  monoacetate  (XXII)  in  50  ml  of  water  was  grad¬ 
ually  added  300  ml  of  a  1%  solution  of  KMn04.  Oxidation  proceeded  rapidly,  especially  during  the  addition  of 
the  second  half  of  the  oxidizing  agent.  The  reaction  products  were  treated  in  the  usual  manner.  The  presence 
of  two  substances  among  the  neutral  oxidation  products  was  established.  One,  which  was  steam  distilled  from 
the  filtrate,  proved  to  be  an  aldehyde,  the  adduct  of  which  with  dimedon  melted  at  155*.  A  mixed  sample  with 
the  dimedon  addition  product  formed  by  isovaleraldehyde  showed  no  depression  of  the  melting  point.  The  sec¬ 
ond  substance  was  separated  from  the  distillate  obtained  by  steam  treatment  of  the  manganese  dioxide  residue. 
The  semicarbazone  of  this  substance  melted  at  130-132*  which  corresponds  to  the  melting  point  of  methyl  iso¬ 
butyl  ketone  Semicarbazone  [24,  25].  The  solution  of  volatile  acids  was  heated  with  silver  carbonate,  and  three 
fractions  of  salts  were  obtained.  The  first  fraction  was  the  silver  salt  of  isovaleric  acid,  and  the  third  fraction 
was  the  silver  salt  of  acetic  acid. 

1st  fraction  (%):  Ag  found,  51.76;  calculated  for  C5H902Ag,  51.64. 

2nd  fraction  (%);  Ag  found,  63.64, 

3rd  fraction  (‘7o);  Ag  found,  64.29;  calculated  for  C2H302Ag,  64.64. 
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SUMMARY 


1.  It  was  confirmed  that  the  oxidation  by  acetyl  hydroperoxide  of  unsymmetrical  alkyl- 1,3- dienes  takes 
place  simultaneously  in  two  directions  with  the  formation  of  different  reaction  products.  The  particular  products 
fomied  depend  on  the  quantitative  relationship  between  the  hydrocarbon  and  the  hydroperoxide. 

2.  The  structures  of  the  oxidation  products  were  established. 


3.  Our  previously  proposed  reaction  scheme  for  the  oxidation  by  acetyl  hydroperoxide  of  unsymmetrical 
alkyl- 1,3-diencs  has  been  corrected. 
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Some  time  ago,  one  of  us  together  with  A.  Kh.  Khamatov  described  the  action  of  dehydrating  agents  on 
certain  tertiary  acetylenic  1,2,5-ttiols  [1].  It  was  shown  during  the  course  of  this  work  that  dehydration  takes 
place  chiefly  with  the  formation  of  substituted  a- glycols  of  the  vinylacetylene  series.  Substituted  dienynolsare 
formed,  though  in  considerably  smaller  amount,  as  a  result  of  elimination  of  two  molecules  of  water  from  the 
triol  molecule. 

In  the  present  work,  dehydration  of  two  other  tertiary  acetylenic  triols  was  studied~2,3,6-tiimethyl-4- 
octyne- 2,3,6- triol  (I)  and  3,4,7-trimethyl- 5-nonyne-3, 4, 7-trioI  (VU);  these  triols  were  first  synthesized  by  one 
of  us  toge’^her  with  S.  D.  Savranskaya  [2]. 

The  acetylenic  trihydric  alcohol  2,3,6-trimethyl-4-octyne-2,3,6-triol  (I)  was  dehydrated  with  potassium 
bisulfate,  with  p-toluenesulfonic  acid,  and  with  30*70 sulfuric  acid.  Dehydration  with  sulfuric  acid  was  accom¬ 
panied  by  considerable  tarring  of  the  reaction  products,  and  the  over- all  yield  of  the  latter  did  not  exceed  15‘7a 
Dehydration  with  p-toluenesulfonic  acid  and  with  potassium  bisulfate  led  to  the  formation  of  two  substances;  a 
dienynol,  2,6- dimethyl- 3- methylene- 6- octen- 4- yn- 2- ol  (11),  and  an  a-glycol,  2,4,6-trimethyl-6-octen-4-yne- 
2,3-diol  (HI).  The  major  dehydration  product  is  dienynol  (H),  which  is  formed  in  31*70  yield  during  dehydration 
with  potassium  bisulfate  and  58*7o yield  during  dehydration  with  p-toluenesulfonic  acid;  the  corresponding  yields 
of  o- glycol  (in)  were  12  and  8*70  (Scheme  1). 

The  structure  of  dienynol  (El)  was  proved  by  oxidation  with  potassium  permanganate,  which  yielded  ace¬ 
tone  and  formic,  acetic,  oxalic,  and  a-hydroxyisobutyric  acids.  Propionic  acid  was  not  detected,  which  indi¬ 
cates  that  elimination  of  the  hydroxyl  from  the  5- position  removed  a  hydrogen  from  the  ethyl,  not  the  methyl 
radical. 

Rate  curves  (Fig.  1)  for  the  hydrogenation  of  dienyne  carbinol  (H)  were  constructed  by  the  method  of 
S,  V.  Lebedev  both  for  hydrogenation  over  platinum  (curve  1)  and  for  hydrogenation  over  palladium  deposited 
on  calcium  carbonate  (curve  2).  These  curves  show  that  after  rapid  addition  of  the  first  three  moles  of  hydro¬ 
gen,  the  rate  dropped  sharply  during  addition  of  the  fourth  mole.  Assuming  that  selective  hydrogenation  to  the 
ethylenic  derivative  is  possible,  we  carried  out  the  hydrogenation  of  dienyne  carbinol  (11)  with  the  calculated 
amount  of  hydrogen  (3  moles)  in  the  hope  of  being  able  to  isolate  the  ethylenic  compound.  However,  we  were 
unable  to  isolate  an  individual  compound.  Judging  from  the  elemental  analj-sis  of  certain  fractions,  hydrogena¬ 
tion  proceeded  in  several  directions  with  the  formation  of  a  mixture  of  dienyne,  ethylenic,  and  saturated  car- 
binols. 
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Fig.  1.  Hydrogenation  of  2,6-dimethyl- 
3-methylen-6*octen-4-yn-2-ol.(II).  l)With 
0.008  g  of  platinum  oxide  (17*),  2)  with 
0.08  g  of  palladium  (20*). 


Fig.  2.  Hydrogenation  of  2,3,6-trimethyl-6- 
octen-4-yne-2,3-diol  (HI).  1)  With  0.008  g 
of  platinum  oxide  (17.5*),  2)  with  0.08  g  of 
palladium  (18*). 
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Exhaustive  hydrogenation  of  2,6-dimethyl-3-methylen-6-octen-4-yn*2-ol  (11)  yielded  a  saturated  car- 
binol“2,3,6-tTimethyl-2-octanol  (IV). 

The  structure  of  the  2,3,6-trimethyl- 6-octen-4-yne-2,3-diol  (HI)  was  proved  by  oxidation  with  potassium 
permanganate,  which  yielded  acetone,  dimethylacetylcarbinol.  and  formic,  acetic,  and  oxalic  acids. 
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when  (in)  was  hydrogenated  with  the  calculated  amount  of  hydrogen  (2  moles),  we  obtained  2,3,6-tri* 
methyl- 4- octene- 2,3  -diol  (V).  As  shown  by  the  hydrogenation  rate  curve  (Fig.  2,  curve  1),  hydrogenation  in 
methanol  solution  over  platinum  oxide  practically  ceased  after  the  addition  of  two  moles  of  hydrogen.  There¬ 
fore,  exhaustive  hydrogenation  of  a- glycol  (HI)  was  carried  out  in  an  acetic  acid  medium  over  platinum  oxide. 
This  gave  the  saturated  a- glycol  2,3,6-trimethyloctane-2,3-diol  (VI). 

The  dehydration  of  3,4.7-trimethyl-5-nonyne-3,4.7-triol  (VII)  under  the  influence  of  potassium  bisulfate 
also  proceeded  in  two  directions  with  the  formation  of  the  dienynol  3,7-dimethyl-4-methylene-7-nonen-5-yn- 
3-ol  (Vm),  the  yield  of  which  comprised  40'7o,  and  the  enynediol  3,4,7-trimethyl-7-nonen-5-yne-3.4-diol  (DC), 
the  yield  of  which  was  6%  (Scheme  2). 

When  the  dehydration  was  carried  out  with  p-toluenesulfonic  acid,  the  sole  reaction  product  was  dienynol 
(Vni)  in  a  yield  of  61%. 

The  structure  of  dienynol  (VHI)  was  proved  by  oxidation  with  potassium  permanganate.  The  oxidation 
yielded  methyl  ethyl  ketone  anf  formic,  acetic,  oxalic,  and  methylethyl- a-hydroxyacetic  acids. 

Hydrogenation  rate  curves  for  dienynol  (VIII),  constructed  as  in  the  first  case,  are  shown  in  Fig.  3;  curve  1 
is  for  hydrogenation  over  platinum  oxide,  and  curve  2  is  for  hydrogenation  over  palladium  deposited  on  calcium 
carbonate.  They  are  similar  to  the  rate  curves  for  the  hydrogenation  of  dienynol  (11),  which  are  shown  in  Fig.  1. 
The  first  of  these  curves  shows  that  the  hydrogenation  of  the  dienynols  continues  at  a  certain  rate  after  the  addi¬ 
tion  of  three  moles  of  hydrogen,  which  indicates  that  ethylenic  carbinols  of  this  structure  are  capable  of  hydro¬ 
genation  over  both  of  the  catalysts  studied,  and  the  hydrogenation  proceeds  at  approximately  the  same  rate  for 
the  two  dienynols.  Exhaustive  hydrogenation  of  3,7- dimethyl- 4- methylene- 7- nonen- 5- yn- 3- ol  (VIE)  gave 
3,4.7-trimethyl-3-nonanol  (X). 
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In  view  of  the  small  amount  of  material,  oxidation  of  glycol  (IX)  was  not  attempted;  however,  on  the  basis 
of  the  analytical  data  and  by  analogy  with  the  preceding  investigations,  we  assign  to  it  the  structure  3,4,7-tri¬ 
methyl- 7- nonen- 5- yn- 3, 4- diol  (DC). 

The  rate  curves  for  the  hydrogenation  of  enynediol  (IX)  (Fig.  4)  are  also  similar  to  the  rate  curves  for  the 
hydrogenation  of  enynediol  (HI).  In  this  case,  as  may  be  seen  from  the  curves,  hydrogenation  almost  completely 
ceased  after  the  addition  of  two  moles  of  hydrogen,  which  brings  up  the  possibility  of  isolating  the  corresponding 
a- glycol.  Only  in  an  acid  medium  (acetic  acid  solution)  was  it  possible  to  carry  the  hydrogenation  to  the  com¬ 
pletely  saturated  glycol. 
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Fig.  3.  Hydrogenation  of  3,7-dimethyl* 
4-mcthylcne-7-noncn-5-yn-3-ol  (VUI). 

1)  With  0.008  g  of  platinum  oxide  (21*) 

2)  with  0.08  g  of  palladium  (21.5*). 

In  the  exhaustive  hydrogenation  of  enynediol  (IX), 
3  moles  of  hydrogen  were  absorbed  with  the  formation 
of  3,4,7-trimethylnonane-3,4-ttiol  (XI). 


Fig.  4.  Hydrogenation  of  3  4.7*trimethyl- 
7-nonen-5-y'ne-3,4-diol  (IX).  1)  With 
0.008  g  of  platinum  oxide  (16*),  2)  with 
0.08  g  of  palladium  (25*). 


Returning  now  to  tlic  question  of  the  hydrogena¬ 
tion  of  dicnyne  carbinols  (H)  and  (VUI),  we  may  remark 
that  these  alcohols  did  not  yield  a  unique  ethylenic  com¬ 
pound,  in  spite  of  the  sharp  decrease  in  the  rate  of  hy¬ 
drogenation  after  the  addition  of  three  moles  of  hydro¬ 
gen.  Judging  from  the  elemental  analysis  of  certain  fractions  of  the  hydrogenation  products,  these  fractions  com¬ 
prised  a  mixture  of  dienyne.  ethylenic,  and  saturated  carbinols.  Exhaustive  hydrogenation  did  not  lead  to  the 
formation  of  a  single  product.  The  explanation  of  this  must  be  sought  on  the  basis  that  hydrogenation  of  dienyne 
carbinols  evidently  proceeds  through  the  formation  of  trienes,  which  subsequently  undergo  hydrogenation  in  var¬ 
ious  directions  (Scheme  3)  As  a  result,  the  fomiation  of  three  diene  carbinols  would  be  expected.  Further  hy¬ 
drogenation  of  the  latter  can  give  rise  to  the  fomiation  of  up  to  five  ethylenic  carbinols.  On  the  basis  of  the  hy¬ 
drogenation  rate  curves,  the  hydrogenation  rate  of  the  ethylenic  carbinols  is  significantly  lower  than  the  rate  of 
hydrogenation  of  the  more  unsaturated  carbinols. 


Thus,  the  ethylenic  carbinols  formed  are  further  hydrogenated  to  saturation,  but  at  a  lower  rate;  conse¬ 
quently,  selectivity  of  the  hydrogenation  to  the  formation  of  ethylenic  carbinols  is  destroyed. 
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EXPERIMENTAL 

Dehydration  of  2 . 3 , 6 -  Tr ime  t hy  1  -  4 -  oc t y ne  -  2 . 3 . 6 -  tr  io I  (I) 

a)  With  potassium  bisulfate-  A  mixture  of  21.5  g  of  triol  (I)  (b.p.  121-122*  at  1.5  mm),  8  g  of  potassium 
bisulfaic,  and  0.05  g  of  pyrogallol  was  heated  in  a  flask  at  135-140*  on  a  Wood's  metal  bath.  The  mixture  was 
distilled  under  a  pressure  of  3-4  mm,  and  14.5  g  of  a  fraction  boiling  at  88-89*  was  collected.  The  product  was 
dissolved  in  ether  and  the  ether  solution  was  dried  with  sodium  sulfate.  During  fractional  distillation  under  vac¬ 
uum,  two  fractions  were  collected;  first  fraction,  b.p.  90-92*  (8  mm),  n^D  1,5092,  5.5  g  (31*70);  second  fraction, 
b.p.  110-111*  (8  mm).  n^D  1.4935,  2.5  g  (12*7o). 

b)  With  p-tohienesulfonic  acid.  A  mixture  of  22.3  g  of  the  triol,  0.05  g  of  p-toluenesulfonic  acid,  and 
0.05  g  of  pyrogallol  was  distilled  under  a  pressure  of  7-7.5  mm  at  a  bath  temperature  of  140-145*.  A  total  of 
16.2  g  of  crude  product  was  distilled;  this  material  boiled  at  87-104*. 

A  total  of  78  g  of  material  was  dehydrated,  and  57.8  g  of  dehydration  products  was  obtained.  Vacuum 
distillation  of  these  products  gave  three  fractions:  first  fraction,  b.p.  86-88*  (7mm),  n^D  1.5091,  36.9  g  (57.5*70); 
second  fraction,  b.p.  107-108*  (7  mm),  n^D  1.4939,  5,6  g  (7.9*7o);  third  fraction,  b.p.  108-109*  (2  mrn),  4.0  g; 
the  third  fraction  was  the  original  triol. 

c)  With  sulfuric  acid.  When  the  triol  was  dehydrated  over  a  period  of  6  hr  with  30*7o  sulfuric  acid  at  65*. 
a  large  part  of  the  material  formed  tar.  The  yield  of  dehydration  product  was  about  15*70  of  the  triol. 

The  first  fraction  obtained  by  dehydration  of  the  triol  with  p-toluenesulfonic  acid  was  2, 6- dimethyl- 3- 
methylene-6-octen-4-y'n-2-ol  (11);  the  second  fraction  was  2,3,6-trimethyl-6-octen-4-yne-2,3-diol  (m). 

Investigation  of  the  First  Fraction,  b.p.  86-88*  (7  mm) 
d^4  0.8999,  n^^D  1.5091,  MRp  54.43.  CuHjcOrzp.  Calculated  57.79. 

Found  *70;  C  80.00.  80.00;  H  9.56.  9.71;  OH  10.52.  10.32.  CuHicO.  Calculated  C  80.43;  H  9.83; 

OH  10.36. 

It  was  felt  tliat  the  substance  with  a  b.p,  of  86-88*  (7  mm)  should  be  2,6-dimethyl- 3-metliylcn- 6-octen- 
4-yn-2-ol  (II),  and  this  was  confirmed  by  oxidation  with  potassium  permangarute. 
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An  8.5  g  sample  of  dienynol  (H)  was  oxidized  with  48  g  of  potassium  permanganate  (calculated  on  the 
basis  of  nine  active  oxygen  atoms  required  per  molecule  of  the  material).  The  oxidation  was  carried  out  at 
room  temperature  with  vigorous  stirring.  Over  a  period  of  8  hr  was  added  600  ml  of  a  4%  solution  of  permanga* 
nate.  The  remaining  24  g  of  oxidizing  agent  was  introduced  in  small  portions  over  a  period  of  5  hr.  After  the 
solution  had  become  colorless,  the  manganese  dioxide  was  removed  by  filtration  and  washed  with  hot  water.  A 
fraction  containing  the  neutral  products  was  distilled  from  the  filtrate  This  material  was  then  distilled  in  a  col¬ 
umn,  and  0.25  g  of  a  fraction  with  a  b  p.  of  57-60*  was  obtained;  reaction  of  this  material  with  2,4-dinitrophen- 
ylhydrazme  gave  acetone  2,4-dinitrophenylhydrazone  with  an  m.p.  of  126-128*  (mixed  melting  point). 

The  salts  of  the  acids  were  acidified,  and  the  volatile  acids  were  distilled.  Neutralization  of  these  acids 
required  .3.6  g  of  sodium  hydroxide.  Qualitative  tests  for  the  presence  of  acetic  (cacodyl  oxide)  and  formic  (pre¬ 
cipitation  by  calomel)  acids  were  positive. 

Analysis  of  the  mixture  of  silver  salts  of  the  volatile  acids  gave  65.807°  Ag,  The  silver  salt  of  formic  acid 
was  decomposed  on  heating.  Analysis  of  the  remaining  silver  salt  gave  64.057°  Ag.  The  calculated  value  for 
acetic  acid  is  64.657°Ag, 

The  silver  content  of  the  silver  salt  remaining  after  decomposition  of  the  silver  formate  and  also  the  nega¬ 
tive  reaction  with  lead  acetate  indicates  the  absence  of  propionic  acid.  Consequently,  the  elimination  of  hydro¬ 
gen  during  dehydration  takes  place  at  the  number  7  carbon  atom  and  not  from  the  methyl  radical  attached  to  the 
sixth  carbon,  which  is  in  agreement  with  the  Wagner- Zaitsev  rule.  From  the  volatile  acids  were  isolated  2.6  g 
of  oxalic  acid  with  an  m.p.  of  101-102*  (mixed  melting  point)  and  1  g  of  a- hydroxy isobutyric  acid  with  an 
m.p.  of  78-79*  (mixed  melting  point). 

Thus,  the  products  of  the  oxidation  of  dien)Tiol  (11)  confirm  its  structure- 

Hydrogenation  of  12.8  g  of  2, 6-dimethyl- 3-methylen-6-octen-4-yn-2-ol  was  carried  out  in  70  ml  of  meth¬ 
anol  over  0.1  g  of  palladium  deposited  on  calcium  carbonate  (hydrogenation  conditions  were  26.5*  and  690.3mm). 
The  hydrogenation  was  stopped  after  the  absorption  of  6287  ml  of  hydrogen  (which  corresponds  to  3  moles  of  hy¬ 
drogen).  The  methanol  was  distilled,  and  the  residue  was  dissolved  in  ether.  The  ether  solution  was  dried  over 
sodium  sulfate,  and  the  ether  was  distilled.  We  were  unable  to  isolate  an  individual  compound  by  vacuum  dis¬ 
tillation.  Some  of  the  fractions  obtained  in  the  distillation  were  analyzed  for  elemental  composition,  and  the 
results  indicated  that  hydrogenation  of  the  dienyne  carbinol  occurred  simultaneously  in  several  directions,  which 
excludes  the  possibility  of  any  selectivity. 

During  exhaustive  hydrogenation  of  9  g  of  dienynol  (11)  in  50  ml  of  methanol  over  0.1  g  of  palladium  de¬ 
posited  on  calcium  carbonate  (18.5*  and  693  mm),  5500  ml  was  absorbed  in  8  lir  (the  calculated  amount  for 
4  moles  is  5380).  The  methanol  was  distilled,  and  the  crude  product  was  dried  with  sodium  sulfate  and  then  dis¬ 
tilled  under  vacuum.  A  second  distillation  yielded  7.0  g  of  2,3,6- trimethyl-2-octanol  (IV). 

B.p.  89- 90* (8  mm),  d”4  0.8480,  n®D  1.4449,  KIRj^  53.96;  calc.  54.52. 

Found  7°;  C  76.23,  76.61;  H  13.52,  13.54;  OH  8.74,  8.56.  C11H24O.  Calculated  7°:  C  76.76;  H  13.95; 

OH  9.88. 

Investigation  of  the  Fraction  Boiling  at  107-  108*  (7  mm) 

d^4  0.9524;  n^D  1.4939,  MRp  55.54.  CuHijOjFP.  Calculated  53.78. 

Found  7°;  C  72.46,  72.19;  H  9.99,  9.96;  OH  19.20,  18.88.  C^Hj^Oa.  Calculated  7°:  C  72.46;  H  9.96; 

OH  18.68. 

A  9.5  g  sample  of  the  material  was  oxidized  with  38.4  g  of  potassium  permanganate  (calculated  on  the 
basis  of  seven  active  oxygen  atoms  required  per  molecule  of  the  material).  A  total  of  700  ml  of  a  47°  solution 
of  KMn04  was  added  over  a  period  of  6  lir.  and  then  10.4  of  the  finely  ground  oxidizing  agent  was  introduced  in 
small  portions.  Treatment  of  the  oxidation  products  was  as  described  above.  Distillation  of  the  neutral  products 
in  a  column  gave  0.5  g  of  acetone  with  a  b.p.  of  54-56*;  the  acetone  was  identified  by  its  2,4-dinitiophenylhy- 
drazone,  which  had  an  m.p.  of  126-128*  (mixed  melting  point).  A  fraction  boiling  at  56-75*  (0.7  g)  was  also 
collected,  and  from  it  was  isolated  dimethylacetylcarbinol  semicarbazone  with  an  m.p,  of  160-162*  (mixed melt¬ 
ing  point ). 
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The  distillate  containing  the  volatile  acids  was  neutralized  with  2.9  g  of  sodium  hydroxide.  The  presence 
of  formic  and  acetic  acids  was  demonstrated  by  qualitative  tests  with  calomel  and  cacodyl  oxide.  The  mixture 
of  silver  salts  of  the  volatile  acids  analyzed  66.10%  Ag. 

The  material  remaining  after  decomposition  of  the  silver  formate  analyzed:  Ag  found,  64.31%;  calculated 
forCHiCOOAg.  64.65%o. 

Propionic  acid  was  not  detected.  Oxalic  acid,  m.p.  101-102*  (mixed  melting  point)  was  separated  from 
the  volatile  acids. 

Thus,  the  products  of  the  oxidation  of  the  fraction  boiling  at  107-108*  (7  mm)  were  acetone,  dimethylace- 
tylcarbinol,  and  formic,  acetic,  and  oxalic  acids.  On  the  basis  of  these  data,  we  may  take  this  fraction  to  be 
2,3,6- trimethyl- 6- octen-4-y'ne- 2, 3-diol  (HI). 

Hydrogenation  of  2.5  g  of  2,3.6-rrimethyl-6-octen-4-yne-2.3-diol  (IQ)  was  carried  out  in  50  ml  of  ben¬ 
zene  over  0.05  g  of  palladium  deposited  on  calcium  carbonate.  The  hydrogenation  was  stopped  after  the  absorp¬ 
tion  of  720  ml  of  hydrogen  (20*,  697.4  mm),  which  corresponds  to  2  moles  of  hydrogen.  The  methanol  was  dis¬ 
tilled,  and  the  product  was  dried  with  potassium  carbonate.  Vacuum  distillation  of  the  product  gave  1.8  g  of  a 
substance  having  the  propenies: 

B.p.  74-75*  (6  mm).  d“4  0.9251,  n“D  1.4638,  MRd  55.45.  CiiH2202F'  Calculated  55.58. 

Found  %:  C  71.34.  71.45;  H  12.14;  11.93;  OH  17.51,  17.78.  CnHjaOj.  Calculated  %;  C  70.96;  H  11.83; 
OH  18.27. 

In  view  of  the  small  amount  of  this  material,  further  investigations  were  not  canied  out  with  it,  but  by 
analogy  to  the  preceding  investigations,  we  consider  it  to  be  2,3, 6- trimethyl- 6- octene- 2,3- diol  (V). 

Exhaustive  hydrogenation  of  the  2,3,6-trimethyl-6-octen-4-yne-2,3-diol  (HI)  was  carried  out  using  5.6  g 
of  the  freshly  distilled  diol  in  35  ml  of  glacial  acetic  acid;  the  hydrogenation  was  catalyzed  with  0.05  g  of  pla¬ 
tinum  oxide.  The  calculated  amount  of  hydrogen,  2188  ml  (16*.  693.1  mm)  corresponding  to  3  moles,  was  ab¬ 
sorbed  in  2  hr.  The  acetic  acid  was  distilled  under  vacuum,  and  the  product  was  neutralized  with  soda,  dissolved 
in  ether,  and  dried  with  potassium  carbonate.  Vacuum  distillation  yielded  5.0  g  of  2,3,6-trimethyloctan-2,3- 
diol  (VI). 

B.p.  84-85*  (1.5  mm).  d®4  0.9177,  n^^D  1.4549,  MRd  55.58;  calc.  56.04. 

Found  %);  C  70.69.  70.44;  H  12.77,  12.75;  OH  18.04,  18.09.  C11H24O2.  Calculated  %o;  C  70.21;  H  12.76; 
OH  18.08. 

Dehydration  of  3 , 4 , 7  -  Tr im e  thy  1- 5 -  nonyne  -  3 , 4 . 7  -  tr iol  (VII) 

a)  With  potassium  bisulfate.  A  mixture  of  21.6  g  of  3.4,7-trimethyl-5-nonyne-3,4,7-triol  (VII),  6  g  of 
potassium  bisulfaie,  and  0.05  g  of  pyrogallol  was  distilled  at  a  bath  temperature  of  140-156*  and  under  a  reduced 
pressure  of  4  mm.  The  distillation  yielded  16  g  of  dehydration  products  boiling  in  the  range  of  83  to  115*. 

A  total  of  63.1  g  of  the  triol  was  dehydrated,  and  46.5  g  of  crude  product  was  obtained.  The  product  was 
dried  with  sodium  sulfate  and  distilled  under  vacuum.  Fractional  distillation  gave  the  following  fractions;  first 
fraction,  78-79*  (3,5  mm),  n^D  1.5065,  21.1  g  (40%).  which  we  found  to  be  3,7-dimethyl-4-methylenc-7-non- 
en-5-yn-3-ol  (Vni);  second  fraction,  103-103.5*  (1.5  mm),  n^D  1.4908,  3.5  g  (6%o),  3,4,7-trimethyl-7-nonen- 
5-yne-3,4-diol  (DC). 

b)  With  p-toluencsulfonic  acid.  A  mixture  of  21.1  g  of  triol  (VII).  0.01  g  of  pyrogallol,  and  0.02  g  of  p- 
toluencsulfonic  acid  was  distilled  at  142-150*  under  a  reduced  pressure  of  7-8  mm.  A  total  of  15.5  g  of  product 
boiling  at  65-101*  was  distilled. 

A  total  of  41.4  g  of  tile  triol  was  dehydrated,  and  31.5  g  of  dehydration  products  was  obtained.  Fractiorul 
distillation  under  vacuum  yielded  only  one  pure  fraction,  in  an  amount  of  21.1  g  (61%)),  and  this  proved  to  be 
3,7-dimcthyl- 4- methylene- 7-noncn- 5- >ti-3- ol  (VIE). 

B.p.  86-87*  (3  mm),  0.8995,  n^D  1.5073,  MRp  58.92.  C^Hj^OjFF-  Calculated  56.20. 

Found  %o;  C  80.52.  80.61;  H  11.05,  11.25;  OH  9.39,  9.29.  C12HJ3O2.  Calculated  %o;  C  80.89;  H  11.12; 

OH  9.55. 
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The  dimethyl-4-iTiethylenc-7-nonen-5->Ti-3-ol.  7  g,  was  oxidized  with  37.3  g  of  potassium  permanganate 
(calculated  on  the  basis  of  nine  active  oxygens  required  per  molecule  of  the  material);  3.2  g  of  the  potassium 
permanganate  was  added  as  a  4‘7o  solution,  and  5  3  g  was  added  in  small  portions  in  the  form  of  a  powder.  After 
the  usual  treatment,  the  oxidation  products  were  separated  into  two  fractions:  first  fraction.  70-72“,  0.07  g;  sec¬ 
ond  fraction.  7G-88”.  0.25  g.  Both  fractions  yielded  the  2.4-dinitrophenylhydrazone  of  methyl  ethyl  ketone,  m.p. 
111.5-112"  (mixed  melting  point).  The  presence  of  formic  and  acetic  acids  was  established  in  the  steam- volatile 
acids;  these  acids  required  2. 25  g  of  NaOH  for  neutralization.  Among  the  nonvolatile  acids  was  found  0.8  g  of 
oxalic  acid,  in  p.  101-102* (mixed  melting  point)  and  1.6  g  of  methylethylliydroxyacetic  acid.  m.p.  71-72*  ' 

(mixed  melting  point). 

These  oxidation  products  completely  confirm  the  structure  of  the  3,7-dimethyl-4-methylenc-7-nonen-5-yn- 
3-ol  (vm). 

Hydrogenation  of  5  g  of  dien^mol  (VIII)  in  50  ml  of  methanol  was  carried  out  over  0.05  g  of  platinum  oxide 
(28*,  691  mm).  A  total  of  3200  ml  of  hydrogen  was  absorbed  in  8  lir  (calculated  for  4  moles  of  hydrogen- 3017ml). 
After  the  usual  treatment,  the  hydrogenation  products  were  distilled  under  vacuum.  There  was  obtained  4.0  g  of 
3,4.7-trimethyl-3-nonanol  (X). 

B.p.  78-79*  (3  mm).  d”4  0.8558,  n^D  1.4483,  MR^  58.61;  calc.  59.15. 

Found  C  77.02.  77.03;  H  14.01.  13.74;  OH  8.63.  8.51.  C12H24O.  Calculated  C  77.36;  H  13.97; 

OH  9.13. 

The  second  fraction  obtained  by  dehydration  of  triol  (VII)  with  potassium  bisulfate  was  3.4,7-trimethyl-7- 
nonen-5- )'n-3,4-diol  (IX) 

B.p.  103-103.5*  (1.5  mm).  d“4  0.9579.  n^D  1.4908,  MRp  59.24.  CjjHzoOjFP-  Calculated  58.20. 

Found  C  73.02.  72.98;  H  10.14,  10.48;  OH  16.32.  16.37.  CizHjoOj.  Calculated  <7o:  C  73.47;  H  10.20; 

OH  17.34. 

In  view  of  tlie  small  amount  of  this  material,  it  was  not  oxidized.  The  analytical  data  correspond  to  those 
obtained  in  previous  investigations,  and  we  assigned  a  structure  to  this  substance  on  the  basis  of  these  investiga¬ 
tions. 

During  the  exhaustive  hydrogenation  of  enyncdiol  (DC)  in  glacial  acetic  acid  over  01  g  of  platinum  oxide 
(28*.  691.8  mm),  2200  ml  of  hydrogen  was  absorbed  (this  corresponds  to  3  moles  of  hydrogen),  and  the  hydrogen¬ 
ation  practically  ceased  at  this  point.  The  acetic  acid  was  distilled  under  vacuum,  and  the  product  was  neutral¬ 
ized  with  soda  and  dried  with  potassium  carbonate.  Vacuum  distillation  of  the  product  gave  3.27  g  of  3,4,7-tri- 
methylnonane-3,4-diol  (X). 

B.p.  103-104*  (6  mm).  d^'’4  0.9232,  n^^D  1.4581.  MRj)  59.71;  calc.  60.66. 

Found  C  71.22.  70.74;  H  12.8,  12.8.  C12H24O2.  Calculated  ‘To:  C  71.28;  H  12.32. 

SUMMARY 

1.  Two  acetylenic  triols-2,3,6-trimethyl-4-octyne-2,3,6-triol  and  3,4,7- trimethyl- 5-nonyne- 3,4,7- 
triol“were  dehydrated  with  potassium  bisulfate  and  with  p-toluenesulfonic  acid. 

2.  The  dehydration  of  triols  in  the  presence  of  these  hydrating  agents  proceeds  in  two  directions  yielding 
one  product  resulting  from  the  elimination  of  one  molecule  of  water  from  the  triol- an  a- glycol  of  the  vinylace- 
tylcne  series- and  another  product  resulting  from  the  elimination  of  two  molecules  of  water- a  divinylacetylenic 
carbinol.  The  second  course  predominates,  and  the  yield  of  the  vinylacetylenic  carbinol  is  considerably 
increased  by  the  use  of  p-toluenesulfonic  acid.  The  sole  product  of  the  dehydration  of  the  trimethylnonyne- 
triol  by  p-toluenesulfonic  acid  is  a  dienyne  carbinol.  v/hich  was  obtained  in  61*70 yield. 

3.  Both  dehydration  products  can  be  exhaustively  hydrogenated  to  a  saturated  compound”  the  correspond¬ 
ing  saturated  carbinol  and  aliphatic  a- glycol”  by  means  of  a  platinum  or  palladium  catalyst. 
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According  to  the  information  available  in  the  literature  [1].  complexons  containing  hetero  atoms  (O,  S,N) 
in  a  chain  of  methylene  groups  joining  iminodiacetic  acid  residues  possess  highly  effective  complex- forming 
properties  which  are  no  less  effective  than  ethylenediaminetetraacetic  acid.  In  a  continuation  ofour  work  devoted 
to  the  study  of  the  synthesis  and  properties  of  complexons  [2],  we  have  synthesized  tetraacetic  acid  2,2' -diamino- 
die  ihyl  ether.  The  preparation  of  this  complexon  has  not  been  described  in  the  literature;  however,  on  the  basis 
of  patent  information  [3],  it  may  be  assumed  that  this  complexon  has  been  synthesized  starting  with  2,2'-diamino- 
diethyl  ether  by  a  carboxymethyLition  reaction-  Nevertheless,  the  properties  of  the  tetraacetic  acid  and  of  its  salts 
Were  not  described. 

We  initially  attempted  to  synthesize  the  complexon  by  condensation  of  2,2’-dibromodiethyl  ether  with  an 
excess  of  the  diethyl  ester  of  iminodiacetic  acid;  however,  we  were  unable  to  obtain  positive  results,  and,  there¬ 
fore,  we  turned  to  the  interaction  of  2.2’ -diaminodiethyl  ether  with  chloroacetic  acid.  The  diamino  ether  was 
prepared  from  2,2’ -dichlorodiethyl  ether  (Chlorex)  by  Gabriel  synthesis  through  the  diphthalimide  derivative  [4]. 
In  place  of  heating  the  reactants  with  a  mixture  of  concentrated  hydrochloric  and  acetic  acid  in  scaled  tubes,  de¬ 
composition  of  the  2,2’-di(phthalimido)dicthyl  ether  was  carried  out  by  refluxing  with  an  alcoholic  solution  of 
hydrazine  hydrate  and  subsequent  treatment  with  hydrochloric  acid.  This  simplified  the  problem  of  carrying  out 
the  reaction,  and  it  also  gave  higher  yields.  The  diamine  was  separated  in  the  form  of  the  dihydrochloride,  which 
was  then  reacted  with  monochloroacctic  acid.  An  attempt  to  synthesize  the  2,2’ -diaminodiethyl  ether  from  2,2’- 
di(carbamido)diethyl  ether  by  Hofmann  reaction  was  unsuccessful;  the  action  of  hypochlorite  and  hypobromite  on 
the  diamide  in  water  and  in  aqueous  alcohol  brought  about  only  copious  evolution  of  ammonia. 

Condensation  of  the  diamine  dihydrochloride  with  monochloroacctic  acid  was  carried  out  in  the  usual  man¬ 
ner  in  alkaline  medium  [2].  Two  methods  were  used  for  the  isolation  of  the  tetraacetic  acid,  which  did  not  form 
a  precipitate  upon  acidification  of  the  reaction  mixture,  as  certain  other  complexons  do.  In  the  first  of  these 
methods  [5],  the  alkaline  solution  after  dilution  was  passed  through  a  KU-2  cation  exchange  resin  in  the  acid 
fonn,  and  the  column  was  eluted  with  water.  After  separation  of  the  acid  eluate,  which  contained  chlorine  ions, 
the  acid  fraction  was  collected;  this  fraction  gave  a  positive  reaction  for  complexon  (murexide  test).  The  tetra¬ 
acetic  acid  dihydrate  was  separated  by  evaporation  of  this  solution,  and  was  purified  by  recrystallization  from 
50°!o  alcohol. 

In  the  other  method,  the  reaction  mixture  was  acidified  to  an  acid  reaction  toward  Congo  indicator,  and, 
after  separation  of  the  sodium  chloride,  the  monosodium  salt  of  the  complexon  was  precipitated  from  the  solu¬ 
tion  by  means  of  methanol.  It  was  purified  by  reprccipitation  from  aqueous  methanol. 
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EXPERIMENTAL 


2,2’-Di(phthalimido)diethyl  ether.  A  mixture  of  78.8  g  of  potassium  phthalimide.  28.6  g  of  2.2’-dichloro- 
diethyl  ether,  and  2  ml  of  dietliylamine  was  heated,  with  stirring,  for  4  hr  at  140-150*  (in  the  reaction  mixture). 
During  this  time,  1  ml  of  diethylaminc  was  twice  added  to  the  reaction  mixture-  The  mixture  was  then  cooled 
to  100*,  and  400  ml  of  hot  water  was  added;  the  mixture  was  refluxed  for  20  min,  and  the  precipitate  was  filtered. 
The  precipitate  was  washed  with  water  and  dried  in  air,  and  70  g  (96.370)  of  2,2’ -di(phthalimido)diethyl  ether  was 
obtained;  m.p.  153-156*.  The  literature  [4,  6]  gives  an  m.p.  of  156.5*. 

2,2’-Diaminodiethyl  ether  dihydrochloride.  A  mixture  of  54.6  g  of  the  diphthalimido  derivative,  15  g  of 


diethyl  ether  dihydrochloride  and  41.5  g  of  monochloroacetic  acid  in  50  ml  of  water  at  a  temperature  of  about 
40*  was  added  gradually,  with  stirring,  44  g  of  powdered  sodium  hydroxide-  The  mixture  was  held  at  this  tem¬ 
perature  for  2  hr,  and  at  room  temperature  for  12  hr-  The  reaction  mixture  was  acidified  with  concentrated  hy¬ 
drochloric  acid  (30  ml)  to  an  acid  reaction  toward  Congo  indicator,  and  the  precipitated  sodium  chloride  was 
separated  by  filtration  and  washed  with  50  ml  of  507<»  aqueous  methyl  alcohol.  A  two- fold  volume  of  methanol 
was  added,  with  stirring,  to  the  filtrate  and  wash  alcohol  at  a  temperature  of  40-45*;  the  resulting  precipitate, 
which  contained  the  monosodium  salt  of  the  complexon  and  a  certain  amount  of  sodium  chloride,  was  removed 
by  filtration  and  again  dissolved  in  100  ml  of  water.  The  solution  was  again  treated  with  a  two- fold  volume  of 
methanol  at  a  temperature  of  40-50*.  The  precipitate  was  separated  by  filtration,  washed  with  aqueous  alcohol, 
and  dried  at  100*.  There  was  obtained  23.0  g  (64.47o,  calculated  on  the  diliydrochloride)  of  the  monosodium 
salt  of  tetraacetic  acid  2,2’-diaminodiethyl  ether. 

Found  7o:  N  7.79;  Na  5.80.  CjzHyOsNzNa.  Calculated  7o:  N  7.82;  Na  6.41. 
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SUMMARY 


1.  An  improved  method  for  the  preparation  of  2.2' -diaminodiethyl  ether  is  described. 

2.  A  method  was  developed  for  the  preparation  and  separation  of  free  tetraacetic  acid  2.2'-diaminodiethyl 
ether  and  its  monosodium  salt. 
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The  condensation  of  vinyl  ethers  with  different  saturated  aldehydes  [1,  2],  which  is  one  of  the  new  methods 
for  the  synthesis  of  unsaturated  aldehydes,  is  undoubtedly  of  interest.  The  reaction  results  in  the  formation  of  de¬ 
rivatives  of  1.3-dioxane,  which  without  being  isolated,  undergo  hydrolysis  of  a,  0 -unsaturated  aldehydes. 

n 

I 

/\ 

2nciio  +  cn2=ciiOR'— *  |  j  — ♦  ncn=cncno  + neno  +  n'Oii 

n'o^\o/\n 

cii3Cii=ciiciio  4-  cii.,=ciioc2ii5— *•  cii3Cii=cn— r.ii— C112C110 

I 

UC2lf6 

In  one  investigation  devoted  to  a  study  of  this  method  [31,  it  was  shown  that  the  reaction  of  aldehydes  with 
vinyl  ethers  depends  to  a  great  extent  on  the  nature  of  the  catalyst  and  the  structure  of  the  original  aldehyde-  It 
was  found  that  in  a  number  of  cases,  not  only  derivatives  of  1.3-dioxanc,  but  also  linear  alkoxyaldehydes  could 
be  formed  as  a  major  reaction  product;  thus,  for  example,  the  condensation  of  crotonaldehyde  with  vinyl  ethyl 
ether  gives  a  46*70 yield  of  3-ethoxy-4  hexenal.  No  data  on  the  condensation  of  aldehydes  with  dienic  ethershas 
appeared  in  the  literafje  to  the  present  time. 

All  of  this  undoubtedly  lends  interest  to  the  study  of  the  condensation  of  different  aldehydes  with  1-alkoxy- 
dienes,  since,  as  has  previously  been  shown,  such  dienic  ethers  behave  in  a  manner  similar  to  vinyl  ethers  in  reac¬ 
tions  with  acetals  of  various  unsaturated  aldehydes  [4]. 

With  this  aim.  we  carried  out  a  detailed  study  of  the  condensation  of  1-ethoxybutadiene  and  1-ethoxyiso- 
prene  with  various  aldehydes.  It  was  found  that  in  the  case  of  unsaturated  aldehydes,  the  reaction  with  alkoxy- 
dienes  takes  place  readily  in  the  presence  of  such  catalysts  as  BF3,  ZnC]2.  and  H3BO3  +  (COOHjj  and  leads  to  a 
mixture  of  products  which  can  easily  be  separated  by  vacuum  distillation. 

It  might  be  assumed  that  this  reaction  takes  place  as  a  result  of  1,4- addition  of  the  1-alkoxydiene  mole¬ 
cule  across  the  C  =  O  bond  of  the  aldehyde  with  the  initial  formation  of  a  derivative  of  dihydrop>Tan  (I),  which 
as  a  cyclic  hemiacetal,  is  able  to  react  with  a  second  molecule  of  diene  giving  the  corresponding  unsaturated 
acetal  (H).  However,  a  detailed  study  of  the  reaction  products  showed  that  they  do  not  have  this  structure,  but 
are  the  corresponding  a.B  -unsaturated  alkoxyaldehydes  (III)  and  (IV),  the  structures  of  which  correspond  to  the 
addition  of  one  or  two  molecules  of  1-alkoxydiene  to  one  molecule  of  aldehyde. 


3875 


!V 


MCH=CIICHO  +  Cll2=C— CIl^CIIOCjHs 


(II) 


Thus,  the  condensation  of  crotonaldehyde  with  1-ethoxybutadiene  in  the  presence  of  boron  trifluoride  ether- 
ate  gave  42  and  21*70  yields,*  respectively,  of  alkoxyaldehydes  (Va)  and  (Via),  which  proved  to  be  identical  in 
physical  constants  and  u.v.  spectra  to  the  alkoxyaldehydes  previously  obtained  by  saponification  of  the  correspond 
ing  alkoxyacctals  formed  as  a  result  of  the  condensation  of  crotonaldehyde  acetal  with  1-ethoxybutadiene  [4]. 
Ethoxyaldehyde  (Va)  gives  a  2,4-dinitrophenylhydrazone  identical  to  that  described  previously,  and  it  condenses 
with  1-ethoxybutadiene  to  give  a  20*70  yield  of  diethoxyaldehyde  (Via). 


R 


Cn3CH=CHCH0  +  CH2=C-CH=CH0R' 


OR' 

I 

CIl3CH=CH-CH- 


(V)  a)  R  =  H;  R'  =  C,H, 
b)  R=H:  R'  =  CH, 

C)  R  =  CH,;  R'  =  C,Ht 

R 


ch3Ch=ch-ch=ch-(!:=chcho 


(VII)  a)  R  =  H 
C)  R  =  CH, 


-CHCH2-C=CI1/2-CH0 

(VI)  a)  R  =  II;  R’  =  C,H. 

C)  R  =  CH,;  R'  =  C,H» 


CH3(-CH=CII)5CH0 

(VIII) 


The  condensation  of  crotonaldehyde  proceeds  in  a  similar  manner  with  1-methoxybutadiene  and  1-ethoxy- 
isoprene  with  the  formation  of  6-ethoxyaldehydes  (Vb),  (Vc),  and  (Vic).  It  is  interesting  that  during  the  reaction 
of  2,4-dinitrophenylhydrazine  with  3-methyl- 5-ethoxy-2,6-octadienal  (Vc),  an  alcohol  is  readily  eliminated  with 
the  formation  of  the  known  2,4-dinitrophenylhydrazone  of  3-methyl- 2, 4, 6-octatrienal  (Vile).  Ethoxyaldehydes 
are  also  readily  converted  to  the  corresponding  polyene  aldehydes  when  heated  with  phosphoric  acid,  and  2,4,6- 
ociatrienal  (Vila),  3-methyl-2, 4, 6-octatrienal  (VIIc),  and  2,4,6,8,10-dodecapentaenal  (V HI)  were  prepared  in 
good  yields  by  this  route. 

A  mixture  of  boric  and  oxalic  acids  proved  to  be  the  most  satisfactory  catalyst  for  the  condensation  of  di- 
methylacrylaldehyde  with  ethoxyisoprene.  In  the  presence  of  this  catalyst,  the  reaction  took  place  even  at  room 
temperature  with  the  formation  of  a  mixture  of  5-ethoxycitral  (DC)  and  5,9-diethoxyfamesal  (X).  These  aldehydes, 
which  were  easily  separable  by  vacuum  distillation,  were  formed  in  yields  of  45  and  17*71:,  respectively.  Both  of 

•In  all  cases,  yields  are  based  on  the  1-alkoxydiene. 
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these  ethoxyaldehydes  absorb  in  the  ultraviolet,  and  the  wavelengths  correspond  to  the  presence  of  a  double  bond 
conjugated  with  the  aldehyde  group  [5].  Ethoxy  aldehyde  (DC)  readily  formed  a  2.4-dinitrophenylhydrazone.  which 
was  identical  with  dehydrocitral  2,  4-dinitrophenylhydrazone. 


XHO  .Clio 

If  -II 

(IX) 

OC2H5 

I  1 

(X) 


>/  ^CHO 


\/\ 


\/  OC,II 

II!  +  y  /  yy 


OC,II»  OC,ll» 


f  11 

kA/V""' 


\y\ 


The  condensation  of  citral  with  ethoxyisoprene  may  best  be  carried  out  in  the  presence  of  boron  trifluoride 
etheratc,  and  it  gives  a  mixture  of  5-ethoxyfarnesal  (XI)  and  diethoxyaldehyde  (XII)  in  yields  of  28  and  29%,  re¬ 
spectively.  The  structures  of  these  ethoxyaldehydes  were  also  confirmed  by  u.v.  spectroscopy. 

6 -Cyclocitral  and  dihydro- o-tolualdehyde  proved  to  be  incapable  of  entering  into  condensation  with  1- 
ethoxydienes.  They  also  did  not  react  with  saturated  aldehydes.  In  the  presence  of  BF3,  butyraldehyde  and  iso- 
valcraldehyde  yield  only  polymeric  products  (apparently  dimers  and  trimers),  which,  upon  distillation  with  io¬ 
dine,  were  converted  to  the  original  aldehydes. 

BenzalJehyde  condenses  with  ethoxybutadiene  only  with  considerable  difficulty,  and  5- phenyl- 5-ethoxy- 
2-pentenal  is  obtained  in  a  yield  of  about  107oin  this  reaction. 

In  contrast  to  benzaldehyde,  furaldehyde  readily  condenses  with  1- ethoxybutadiene  in  the  presence  of  boron 
trifluoride  etherate  or  a  mixture  of  boric  and  oxalic  acids  giving  5- furyl -5-ethoxy-2-pentenal  (Xni)  and  9-furyl- 
5,9- diethoxy- 2  6  nonadienal  (XIV),  the  structures  of  which  were  confirmed  by  u.v.  spectroscopy. 

5-Furyl-5-ethoxy-2-pentenal  (Xni)  gave  a  2,4-dinitrophenylhydrazonc  with  a  melting  point  which  agreed 
with  that  reported  in  the  literature  [6].  Upon  heating  with  dilute  orthophosphoric  acid,  ethoxyaldehyde  (XIII.) 
readily  lost  a  molecule  of  alcohol,  being  converted  in  good  yield  to  the  known  5- furyl- 2,4  pentadienal  (XV)  [7]. 


Thus,  this  condensation  of  unsaturated  aldehydes  with  1-alkoxydienes  provides  a  new  and  simple  method 
for  the  synthesis  of  a, 0 -unsaturated  alkoxyaldehydes.  In  a  number  of  cases,  the  yields  of  reaction  products  are 
not  lower  than  those  obtained  by  the  previously  described  method  [4],  which  is  based  on  the  condensation  ofal- 
koxydiencs  with  aldehyde  acetals.  All  of  this  makes  the  new  preparative  method  more  convenient  for  the  syn¬ 
thesis  of  various  polyene  aldehydes,  since  conversion  of  the  original  aldehyde  to  the  acetal  is  avoided,  and  the 
a,0 -unsaturated  alkoxyaldehydes  are  formed  immediately. 
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As  an  explanation  of  the  mechanism  of  the  formation  of  6-alkoxyaldehydes  during  the  condensation  of  un¬ 
saturated  aldehydes  with  1-alkoxydienes,  it  could  be  proposed  that  this  reaction  proceeds  through  dihydropyran  (I), 
in  which  disproportionation  of  the  alkoxyl  group  takes  place  leading  to  the  formation  of  the  conesponding  alkoxy- 
aldehyde  (III). 


Such  disproportionation  of  dihydropyran  (I)  would  have  to  take  place  very  readily,  since  only  in  such  a  case 
is  it  possible  to  explain  the  formation  of  alkoxyaldehyde  (IV),  rather  than  its  acetal,  as  a  secondary  reaction  prod¬ 
uct. 
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However,  we  were  unable  to  confirm  that  the  alkoxyl  group  disproportionates  readily,  since  2-ethoxy- 5,6- 
dihydropyran  (XVI),  which  was  prepared  by  a  known  method  [8],  proved  to  be  quite  stable  and  incapable  of  under' 
going  change  under  the  influence  of  boron  trifluoride  etherate  or  a  mixture  of  boric  and  oxalic  acids. 

Thus,  the  formation  of  6-alkoxyaldehydes  through  the  intermediate  dihydropyran  (I)  is  not  very  likely,  al¬ 
though  the  possibility  cannot  be  completely  excluded. 

Apparently,  the  formation  of  6-alkoxyaldehydes  during  the  condensation  of  aldehydes  with  l-alkoxydienes 
proceeds  by  the  scheme  proposed  in  the  literature  [3]  for  the  condensation  of  aldehydes  with  vinyl  ethers;  how¬ 
ever,  confirmation  of  this  mechanism  requires  additional  investigation. 

EXPERIMENTAL* 


Condensation  of  Crotonaldehyde  with  1- Ethoxybutadiene 

To  16  g  of  crotonaldehyde.  cooled  to  0*,  were  added,  with  stirring.  0.05  g  of  boron  trifluoride  etherate  in 
4  ml  of  absolute  ether  and  11.2  g  of  1- ethoxybutadiene;  the  additions  were  made  from  two  funnels  in  a  stream  of 
nitrogen  over  a  period  of  40  min.  Halfway  through  the  addition  of  the  catalyst,  the  temperature  rose  to  25*.  and 
it  was  then  quickly  lowered  to  +  3*.  The  reaction  mLxture  was  stirred  for  4  hr  at  3-10*,  and  was  then  neutralized 
with  sodium  ethylate  and  distilled.  The  following  substances  were  obtained;  1)  9  g  of  the  original  crotonalde¬ 
hyde  with  a  b.p.  of  100-104*;  2)  6.7  g  of  5- ethoxy- 2,6- octadienal  (Va). 

B.p.  60-63*  (0.05  mm),  111-113*  (16  mm),  n^D  1.4665,  d“4  0.9251.  ethanol)  223  mp  (log  6 

4.091),  295.5  mp  (log  e  2.554). 

Found  %  C  71.10,  71.21;  H  9.56.  9.48.  CioHieOj.  Calculated  %:  C  71.41;  H  9.59. 

The  2.4-dinitrophenylhydrazone  of  aldehyde  (Va)had  an  m.p.  of  138-140*  (from  ethanol),  and  a  mixture 
of  it  with  the  2,4-dinitrophenylhydrazone  of  aldehyde  (Va)  prepared  from  1,1,5- triethoxy- 2,6- octadiene  [4] 
showed  no  depression  of  the  melting  point. 

Xmax  (^  heptane)  249 mp  (log  e  4.124),  358  mp  (log  e  4.407). 

Found  %:  C  55.11,  55.14;  H  5.96.  5  83;  N  16.26.  16.40.  C16H20O5N4.  Calculated  C  55.11;  H  5.77; 

N  16.08. 

3)  5,9-Diethoxy- 2,6,10- dodecatrienal  (Via),  3.2  g. 

B.p.  95-99*  (0.08  mm),  n^D  1.4775.  d*®4  0.9550,  X^^^^  (in  ethanol)  222.5  mp  (log  e  4.178),  273  mp 
(log  6  2.431). 

Found  °Jo:  C  71.60,  71.46;  H  9.73,  9.45.  CigHjeOa.  Calculated  ‘7o;  C  72.13;  H  9.83. 

•The  u.v-  spectra  were  taken  by  T.  M.  Fadeeva. 
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4)  Residue,  7.5  g. 

Condensation  of  5-etlioxy-2.6  octadienal  (Va)with  l-ethoxybutadiene-  From  9  g  of  5-ethoxy  2.6  octa- 
dienal  (Va),  2.7  g  of  1  ethoxybutadiene,  and  0.025  g  of  boron  trifluoride  etherate  was  obtained,  by  the  method 
described  above,  14  g  of  5.9-diethoxy-2.6.10-dodecatrienal  (VLa);  6.1  g  of  the  original  aldehyde  (Va)  was  re¬ 
covered. 

2,4,6- Octatrienal  (Vila).  A  mixture  of  4  g  of  5-ethoxy-2,6-octadienal  (Va),  4  ml  of  Sb^orthophosphoric 
acid,  and  20  ml  of  water  was  heated  in  a  stream  of  nitrogen  and  with  stirring  on  a  boiling  water  bath  for  40  min. 
The  reaction  mLxture  was  cooled,  and  ether  was  added.  The  ether  layer  was  separated,  and  the  aqueous  layer 
was  extracted  with  ether.  The  combined  ether  extracts  were  washed  with  a  solution  of  sodium  bicarbonate  and 
with  water,  dried  with  calcined  magnesium  sulfate,  and  distilled  in  a  stream  of  nitrogen.  There  was  obtained 
2.6  g  of  2,4,6-octatricnal  (Vila)  with  a  b.p.  of  44-45*  (0.3  mm),  which,  upon  cooling,  crystallized  as  a  cream- 
colored  mass.  After  two  recrystallizations  from  petroleum  ether,  the  material  melted  at  57-58*.  A  mixture  with 
(Vila)  prepared  by  polyene  condensation  of  crotonaldehyde  [9]  melted  at  56-58*. 

2,4.6.8.10- Dodecapentaenal  (VIII).  A  mixture  of  2.2  g  of  5,9-diethoxy- 2, 6, 10-dodecatrienal  (Via),  2  ml 
of  85%orthophosphoric  acid,  and  10  ml  of  water  was  heated  in  a  stream  of  nitrogen  and  with  stirring  at  90*  for 
40  min.  The  reaction  mixture  was  then  subjected  to  the  treatment  described  above.  After  distillation  of  the 
ether,  the  residue  (1.5  g)  crystallized;  two  recrystallizations  from  methanol  yielded  2,4,6.8,10-dodecapentaenal 
(Vin)  with  an  m.p.  of  157-159*.  A  mixture  of  (VIII)  with  a  sample  of  2.4,5,8,10-dodecapentaenal  prepared  ear¬ 
lier  [9]  melted  at  157-160*. 

Condensation  of  Crotonaldehyde  with  Methoxybutadiene 

From  9  g  of  crotonaldehyde,  4.3  g  of  1- methoxybutadiene,  and  0.025  g  of  boron  trifluoride  etherate  in4ml 
of  absolute  ether  was  obtained,  by  the  method  described  above,  3.2  g  of  5- methoxy- 2, 6- octadienal  (Vb). 

B.p.  43-45*  (0.08  mm).  109-113*  (17  mm).  n^D  1.4740,  d^®4  0.9406. 

Found  7<>:  C  69.52.  69.52;  H  8.98,  9.03.  C9H14O2.  Calculated  %  C  70.09;  H  9.14. 

The  2,4-dinitrophenylhydrazone  of  aldehyde  (Vb)  melted  at  120-122*  (from  ethanol). 

Xmax  isooctane)  358  mp. 

Found  N  16.65.  16.86.  C15HUO5N4.  Calculated  N  16.76. 

C ond e nsa  t  ion  o  f  C  r ot  ona  1  de  h  y de  with  Ethox  y  isopre  ne 

a)  To  40  g  of  crotonaldehyde.  precooled  to  “5*.  were  added  21.4  g  of  ethoxyisoprene  and  0.05  g  of  boron 
trifluoride  etherate  in  12  ml  of  absolute  ether;  the  addition  was  carried  out  over  a  period  of  2  hr  with  con’.inuous 
stirring  and  in  a  stream  of  nitrogen.  The  temperature  rose  to  20*  halfway  through  the  addition,  and  it  was  quick¬ 
ly  lowered.  After  the  addition  of  the  ethoxyisoprene.  the  reaction  mLxture  was  stirred  for  1-5  hr  at  a  temperature 
of  “5  to  0*.  and  was  then  neutralized  with  sodium  ethylate.  The  ether  and  the  crotonaldehyde  were  distilled, 
and  the  residue  was  distilled  under  vacuum.  The  following  substances  were  obtained: 

1)  3-Methyl-5-ethoxy-2,6-octadienal  (Vc),  7.5  g. 

B.p.  61-62*  (0.4  mm).  n^^D  1.4728,  d”4  0.9311.  Xj^^x  (in  ethanol)  239.5  mp  (log  e  4.073),  320.5  mp 
(log  e  2.672). 

Found  7o:  C  71.99.  71.84;  H  10.00,  9.96.  CuH^Oj.  Calculated  7o;  C  72.46;  H  9.95. 

The  reaction  of  aldehyde  (Vc)  with  an  aqueous  methanol  solution  of  2,4-dinitrophenylhydrazine  gave  the 
2,4-dinitrophenylliydrazone  of  3-methyl-2,4.6-octatrienal  (VIIc)  with  an  m.p.  of  190-192*  (from  ethyl  acetate), 
which  is  in  agreement  with  the  literature  value  [10], 

2)  3,7-Dimethyl- 5, 9-dicthoxy-2, 6, 10-dodecatrienal  (Vic),  3  5  g. 

B.p.  114-117*  (0.25  mm).  n^°D  1.4903,  d^®4  0.9539,  Xj^^x  (“  ethanol)  240  mp  (log  e  4.1662).  334.5  mp 
(log  e  2.866). 

Found  7o:  C  72.85;  72.78,  H  10.04;  9.97.  CijHaoOj.  Calculated  7o;  C  73.45;  H  10.28. 
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b)  To  18.5  g  of  crotonaldehyde  containing  0.015  g  of  H3BO3  +  (COOH)2  catalyst  [3]  was  added,  with  stirr¬ 
ing.  9  g  of  cthoxyisoprenc;  the  addition  was  carried  out  over  a  period  of  1  hr.  The  reaction  temperature  increased 
from  22  to  29*  during  the  addition.  After  the  ethoxyisoprene  had  been  added,  the  reaction  mixture  was  stirred  for 
1  hr  at  room  temperature  and  for  15  min  at  40*;  it  was  then  diluted  with  ether  and  neutralized  with  0.2  g  of  sodi¬ 
um  carbonate  in  7  ml  of  water.  The  ether  solution  was  washed  with  water,  dried  with  calcined  magnesium  sul¬ 
fate.  and  distilled.  There  were  obtained  3  5  g  of  aldehyde  (Vc)  with  an  b.p.  of  59-62*  (0.5  mm)  and  2.4  g 

of  aldehyde  (Vic)  with  a  b.p.  of  115-118*  (0.1  mm). 

3-Methyl-2,4,6-octatrienal  (VIIc).  A  mixture  of  2.4  g  of  3-methyl- 5-ethoxy- 2,6-octadienal  (Vc),  2.4ml 
of  85‘’/’orihophosphoric  acid,  and  12  ml  of  water  was  stirred  in  a  stream  of  nitrogen  at  90*  for  40  min.  The  usual 
treatment  gave  14  g  of  3-methyl-2,4,6-octatrienal  (VIIc)  with  a  b.p.  of  58-60*  (0.25  mm),  n*®D  1.5695. 

The  2,4-dinitrophenylhydrazone  of  aldehyde  (VIIc)  melted  at  191-192*  (from  ethyl  acetate).  The  semi- 
carbazonc  of  aldehyde  (VIIc)  melted  at  182-183*  (from  65% aqueous  methanol).  According  to  the  literature,  the 

2.4- dinitrophenylhydrazone  of  aldehyde  (VIIc)  melts  at  192-193*,  and  the  semicarbazone  melts  at  179*  [10]. 

Condensation  of  Dimethylacryla  Idehyde  with  Ethoxyisoprene 

To  15.6  g  of  dimethylacrylaldehyde  containing  0.015  g  of  catalyst  (boric  acid  +  oxalic  acid)  was  added 
8.5  g  of  ethoxyisoprene;  the  temperature  of  the  reaction  mixture  rose  from  29  to  34*  over  the  40  min  period  of 
addition.  The  mixture  was  then  stirred  for  30  min  at  room  temperature  and  for  10  min  at  10*.  The  usual  treat¬ 
ment  followed  by  distillation  gave  the  following  substances; 

1)  The  original  dimethylacrylaldehyde,  9.8  g,  b.p.  62-66*  (55  mm),  n*®D  1.4600. 

2)  3,7-Dimethyl- 5-ethoxy-2,6-octadienal  (IXX  6.6  g. 

B.p.  59-61*  (0.06  mm),  n^D  1.4780,  X^^ax  ethanol)  240mp  (loge  4.164),  330.5  mp  (log  e  2.117). 

The  reaction  of  aldehyde  (IX)  with  a  hydrochloric  acid  solution  of  2,4-dinitrophenylhydrazine  gave  the 

2.4- dinitrophcnylhydrazone  of  dehydrocitral;  m.p.  210-212*  (from  a  mixture  of  ethanol  and  ethyl  acetate).  A 
mixture  of  this  material  with  the  2,4-din’trophenylhydrazone  of  dehydrocitral  prepared  by  polyene  condensation 
of  dimethylacrylaldehyde  [9]  melted  at  210-212*. 

3)  3, 7, 11-Trimethyl- 5,9-diethoxy-2. 6. 10-dodecatrienal  (X),  2.2  g. 

B.p.  107-108*  (0.05  mm),  n^®D  1.4880,  (in  ethanol)  240  mp  (log  e  4.164),  335.5  mp  (log  e  2.841). 

Condensation  of  Citral  with  Ethoxyisoprene 

The  citral,  14.3  g  was  cooled  with  ice  water,  and  4.5  g  of  ethoxyisoprene  and  0.05  g  of  boron  trifluoride 
etherate  in  4  ml  of  absolute  ether  were  simultaneously  added  with  stirring.  The  reaction  mixture  was  allowed 
to  stand  for  1  hr,  and  was  then  subjected  to  the  usual  treatment.  The  following  substances  were  isolated  by  distil¬ 
lation: 

1)  Citral,  10.5  g.  b.p.  63-67*  (0.1  mm),  n^'^  1.4870. 

2)  3. 7, ll-Trimeihyl-5-ethoxy-2, 6, 10-dodecatrienal  (XI),  3  g. 

B.p.  103-106*  (0.08  mm),  n^  ®D  1.4900,  Xj^^x  ethanol)  239  mp  (log  e  4.089),  338  mp  (log  e  3.096). 
Found  7(5  C  77.40,  77.46;  H  10.78.  10.81.  CiyUggOz.  Calculated  7o:  C  77.21;  H  10.67. 

3)  3,7,ll,15-Tetramethyl-5,9-dicthoxy-2,6,10,14-eicosatetraenal  (Xn),  2.2  g. 

B.p.  140-143*  (0.05  mm).  n^®D  1.5020,  Xj^g^  (in  ethanol)  239.5  mp  (log  e  4.160).  338  mp(log  6-3.484). 

Condensation  of  Benzaldehyde  with  Ethoxyisoprene 

The  benzaldehyde,  19.5  g,  was  cooled  with  ice  water,  and  9  g  of  ethoxybutadiene  and  0.05  g  of  boron  tri¬ 
fluoride  etherate  in  5  ml  of  absolute  ether  were  simultaneously  added  with  stirring.  After  the  usual  treatment, 
the  benzaldehyde  (17  g.  b.p.  70-75*  at  15  mm)  was  removed  by  distillation,  and  two  subsequent  distillations  gave 
1.7  g  of  5-phenyl-5-ethoxy-2-pcntenal. 

B.p.  84-86*  (0.06  mm).  n*®D  1.5197,  (in  ethanol)  218  mp  (log  e  4.188). 
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The  2.4-dinitrophenylhydrazone  of  5-phenyl*5-ethoxy-2-pentenal  melted  at  154-155*  (from  a  mixture  of 
ethanol  and  ethyl  acetate). 

Xmax  heptane)  358  mp. 

Found  N  14.35.  14.60.  CJ5H20OSN4.  Calculated  %:  N  14.57. 

The  undistillable  residue  amounted  to  8  g. 

Condensation  of  2-Furaldehyde  with  Ethoxybutadiene 

To  25  g  of  2-furaldehyde  containing  0.022  g  of  the  catalyst,  H3BO3  +  (COOH)2,  was  added  10  g  of  ethoxy- 
butadiene:  the  addition  was  carried  out  over  a  period  of  40  min  with  continuous  stirring.  The  temperature  of  the 
reaction  mixture  rose  from  18  to  33*  during  the  addition.  The  reaction  mixture  was  allowed  to  stand  for  1  hr  at 
room  temperature,  and  was  then  treated  with  0.3  g  of  sodium  carbonate  in  10  ml  of  water.  The  lower  layer  was 
washed  with  water,  and  the  upper  layer  was  extracted  with  ether.  The  lower  layer  and  the  ether  extract  were 
combined,  dried  with  calcined  magnesium  sulfate,  and  distilled.  The  following  substances  were  obtained: 

1)  2-Furaldehyde.  16.7  g.  b.p.  60-63*  (15  mm),  n^D  1.5220. 

2)  5-.Furyl-5-ethoxy-2-pentenal  (XHI),  4.0  g. 

B.p.  80-81*  (0.07  mm),  n**D  1.4928,  d*®4  1.043,  (in  ethanol)  219 mp  (log  e  4.342),  347.5  mp  (loge 

2.124). 

Found  C  67.85.  67.74;  H  7.23.  7.28.  C11H14O3.  Calculated  %•.  C  68.04;  H  7.27. 

The  2,4-dinitrophenylhydrazone  of  aldehyde  (XIII)  melted  at  142-144*  (from  a  mixture  of  ethanol  and 
ethyl  acetate);  this  is  in  agreement  with  the  literature  value  [6]. 

3)  9-Furyl-5,9-diethoxy-2,6-nonadienal  (XIV),  2.8  g. 

B.p.  120-122*  (0.07  mm),  n^®D  1.4928,  d^4  1.016,  (in  ethanol)  219  mp  (loge  4.415),  315  mp  (log  e 

2.487). 

Found  C  39.90,  69.90;  H  8.20,  8.16.  C17H24O4.  Calculated  %:  C  69.83;  H  8.27. 

The  undistillable  residue  amounted  to  5.8  g. 

5-Furyl-2.4-pentadienal  (XV).  A  mixture  of  4  g  of  furyl-5-ethoxy-2-pentenal  (XIII),  4  ml  of  85^1  ortho- 
phosphoric  acid,  and  20  ml  of  water  was  stirred  in  a  stream  of  nitrogen  on  a  boiling  water  bath  for  5  min.  After 
the  usual  treatment,  the  products  were  distilled  under  vacuum  in  a  stream  of  nitrogen  containing  traces  of  hydro- 
quinone.  There  was  obtained  1.8  g  of  5-furyl-2,4-pentadienal  (XV)  with  a  b.p.  of  73-76*  (0.06  mm);  this  mate¬ 
rial  crystallized  during  distillation  to  a  yellow  mass.  The  m.p.  of  (XV)  was  65-66*  (from  ethanol),  which  is  in 
agreement  with  the  literature  value  [7]. 


SUMMARY 

A  new  method  is  presented  for  the  preparation  of  6-alkoxyaldehydes  and  polyene  aldehydes.  The  method 
is  based  on  the  condensation  of  1-alkoxydienes  with  a,  0  -  unsaturated  aldehydes. 
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One  of  the  simplest  ana  most  practicable  methods  for  the  synthesis  of  y-piperidones  with  different  substi¬ 
tuents  in  the  piperidonc  ring  is  the  interaction  of  divinyl  ketones  and  the  corresponding  methoxy  derivatives  with 
ammonia  and  primary  amines  [1].  Another  original  method  for  the  synthesis  of  y-piperidones  has  recently  been 
developed  [2].  This  method  is  based  on  vinylacetylenic  hydrocarbons  (enynes),  and  makes  use  of  aminomethyl- 
ation. 


In  accordance  with  the  proposal  of  I.  N  Nazarov,  the  author  of  the  methods  mentioned  above,  in  our  earlier 
work  [3]  we  undertook  the  synthesis  of  new  anesthetics  and  analgesics  starting  with  1,3- dimethyl-  and  1,2,3- tri¬ 
methyl-4- piperidones,  which  are  easily  obtained  by  the  second  method.  In  recent  years,  derivatives  of  1,3- di¬ 
methyl- 4- piperidone  have  attracted  the  attention  of  investigators  in  connection  with  the  high  analgesic  activity 
possessed  by  propionic  esters  of  the  stereoisomeric  1,3- dimethyl- 4- phenyl- 4- piperidols,  one  of  which- Nisentil 
(6 ‘prodine)  [5]-has  found  clinical  application. 

The  present  communication  described  some  esters  of  1,3-dimethyl-  and  l,2,3-trimethyl-4-carbomethoxy- 
4-pipcridols  which  are  structurally  similar  to  a-cocaine  [6]  and  analogous  to  a-eucaine  [7]. 

1,3- Dimethyl- 4- piperidonc  and  1,2,3- trimethyl- 4- piperidone  were  easily  converted  to  the  corresponding 
cyanohydrins- l,3-dimethyl-4-cyano-4-piperidol  (I)  and  1,2,3- trimethyl- 4- cyano- 4- piperidol  (n)-byan  ex¬ 
change  reaction  with  acetonecyanohydrin  according  to  a  known  method  [8]. 

The  nucleophilic  addition  of  hydrogen  cyanide  to  the  carbonyl  group  of  piperidones  takes  the  same  steric 
course  as  previously  demonstrated  by  us  for  1- alkyl- 2,5- dimethyl- 4- piperidones  [9],  and  it  leads  to  the  forma¬ 
tion  of  only  one  of  two  stereoisomeric  cyanohydrins  corresponding  to  1.3-dimethyl-4-piperidone  and  to  one  of 
the  four  diastereoisomeric  racemic  cyanohydrins  possible  for  l,2,3-trimethyl-4-piperidone. 

Concentrated  hydrochloric  acid  readily  saponified  cyanohydrin  (I)  to  the  hydroxy  acid  (DI),  which  was  sep¬ 
arated  as  the  hydrochloride.  This  is  in  contrast  to  cyanohydrin  (11),  which  decomposed  to  a  considerable  extent 
under  the  same  conditions,  being  converted  to  the  original  piperidone;  the  latter  is  formed  as  a  result  of  cleavage 
of  hydroxy  acid  (IV)  in  a  manner  similar  to  the  decomposition  previously  observed  for  certain  a-hydroxy  acids  on 
heating  and  under  the  influence  of  concentrated  mineral  acids  [10].  Acid  hydrolysis  of  cyanohydrin  (H)  in  the 
cold  (over  a  period  of  3  days)  leads  to  the  same  result.  Esterification  of  hydroxy  acids  (HI)  and  (IV)  with  methyl 
alcohol  gave  the  corresponding  hydroxy  esters- 1,3- dimethyl- 4- carbomethoxy- 4- piperidol  (V)and  1, 2, 3- trimeth¬ 
yl- 4- carbomethoxy- 4- piperidol  (VI). 
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Esters  of  1,3- Dimethyl-  and  l,2.3-Trimethyl-4-carbomethoxy-4-piperidols 
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Note,  b  benzene,  ac*-  acetone,  al  -  alcohol,  ea  -  ethyl  acetate. 


Alcoholysis  of  cyanohydrin  (II)  in  the  presence  of  concentrated  sulfuric  acid  [11]  did  not  increase  the  yield 
of  hydroxy  ester  (VI),  since  under  tliese  conditions  significant  amounts  of  l,2,3-trimethyl-4-piperidone  are  invar¬ 
iably  formed. 

Starting  with  hydroxy  acid  (IQ),  we  also  obtained  other  l,3-dimethyl-4-carbalkoxy-4-piperidols  (Vn-K) 
in  addition  to  hydroxy  ester  (V). 


IlO^^CN 

IIO^^COOII 

HO^COOR' 

/\-Cll3 

211,0 

1 

1 

"  \ 

n:iici 

R'OH  1  1  n 

- »  \N/"" 

1 

CII3 

1 

CH3 

CII3 

(I)  R  =  H 

(lit)  R  =  H 

(V)  R  =  H. 

(11)  R  =  CH, 

(IV)  R  =  CH, 

(VI)  R  =  r.H,. 
(VII)  R=rH. 

(VIII)  u  =  H. 
(IX)  R  =  H, 


R'  =  r.H, 
R'  =  CH, 
R’  =  CH, 
R'  =  r,H, 
R'  =  C.H, 


The  interaction  of  l,3-dimethyl-4-carbomethoxy-4-piperidol  (V)  with  the  chlorides  of  aromatic  and  aryl- 
aliphatic  acids  readily  gave  the  hydrochlorides  of  the  corresponding  esters:  benzoic  (X),  phenylacetic  (XI),  phe- 
noxyacetic  (XII).  diphenylacetic  (XIII).  cinnamic  (XIV),  8 -phenoxypropionic  (XV),  and  p-nitrobenzoic  (XVI). 
Hydrogenation  of  the  hydrochlorides  of  the  cinnamate  (XIV)  and  the  p-nitrobenzoate  (XVI)  in  the  presence  of  a 
skeletal  nickel  catalyst  gave,  respectively,  the  hydrochlorides  of  8 -phenylpropionic  (XVII)  and  p-aminobenzoic 
(XVin)  esters.  The  diphenylacetic  ester  (xni)  is  of  interest  in  view  of  its  possible  antispasmodic  activity  [12]. 


A  similar  route  was  used  to  prepare  the  hydrochlorides  of  three  esters- phenoxyacetic  (XIX),  cinnamic  (XX), 
and,  by  hydrogenation  of  the  latter,  8 -phenylpropionic  (XXI)- from  1,2,3- trimethyl- 4- carbomethoxy- 4- piperidol 
(VI)  The  selection  of  these  compounds  was  based  on  the  fact  that  among  the  similar  esters  described  in  one  of 
our  previous  communications  [13],  it  was  precisely  such  esters  which  displayed  maximum  anesthetic  activity,  an 
activity  close  to  that  of  dicaine  for  nerve  blocking  and  infiltration  anesthesia. 
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The  properties  of  these  new  analogs  of  a-cocaine  and  a-eucaine“  the  esters  of  1,3-dimethyl-  and  1.2,3- 
trimethyl- 4- piperidols  (V)  and  (VI)- are  shown  in  the  table. 

The  interaction  of  l,3-dimethyl-4-carbomethoxy-4-piperidol  (V)  with  pnenyllithium  leads  to  the  transfor¬ 
mation  of  1.3- dimethyl- 4-hydroxy- 4- piperidylphenylcarbinol  (XXII),  which,  under  the  influence  of  a  Lewis  acid 
(anhydrous  zinc  chloride  in  acetic  anhydride),  undergoes  a  pinacoline-type  dehydration  and  is  converted  to  1,3- 
dimethyl- 4- phenyl- 4- piperidyl  phenyl  ketone  (XXIII),  which  is  a  close  analog  of  ketobemidone  (cliradon)  [14], 
one  of  the  strongest  analgesics  of  the  piperidine  series. 

EXPERIMENTAL 

The  original  l,3-dimethyl-4-piperidone  and  l,2,3-trimethyl-4-piperidone  were  prepared  by  previously 
described  methods  [2],  and  the  1.3- dimethyl- 4- piperidone  used  for  comparison  was  prepared  by  another  known 
method  [4]. 

1.3- Dimethyl-4-cyano-4-pipcridol  (I).  A  mixture  of  51.7  g  of  1,3- dimethyl- 4- piperidone  and  44.8  g  of 
acetbnecyanohydrin  (b.p.  65-67“  at  7  mm)  was  prepared.  The  mixture  was  allowed  to  stand  for  a  day,  and  the 
crystalline  product  was  then  separated  by  filtration  and  dried  in  a  vacuum  desiccator.  There  was  obtained  48  g 
of  cyanohydrin  (I)  with  an  m.p.  of  90-92*  (from  petroleum  ether).  An  additional  1.8  g  of  crystalline  product  with 
an  m.p.  of  88-90",  identical  to  the  main  product,  was  obtained  from  the  filtrate.  A  total  of  49.8  g  (95.9*7©)  of 
cyanohydrin  (I)  was  obtained  in  this  experiment. 

Found  *70:  N  18.19.  18.40.  CgHi40N2.  Calculated  N  18.23. 

1.3-  Dimethyl- 4-hydroxy- 4- piperidylcarboxylic  acid  hydrochloride  (III).  A  mixture  of  17  g  of  1,3- dimeth¬ 
yl- 4- cyano- 4- piperidol  (I)  and  60  ml  of  concentrated  hydrochloric  acid  was  heated  for  8  hr  on  a  boiling  water 
bath.  After  removal  of  the  hydrochloric  acid  under  vacuum,  the  solid  residue  was  dissolved  in  a  30*7©  aqueous  solu 
tion  of  sodium  hydroxide  and  heated  for  3  hr  until  the  evolution  of  ammonia  ceased.  The  reaction  mixture  was 
evaporated  under  vacuum  to  half  its  volume,  made  acid  (to  Congo  indicator)  with  concentrated  hydrochloric  acid, 
and,  after  removal  of  the  excess  hydrochloric  acid  under  vacuum,  it  was  freed  of  traces  of  water  by  azeotropic 
distillation  with  benzene  and  extracted  with  100  ml  of  anhydrous  alcohol.  The  addition  of  absolute  ether  to  the 
alcohol  extract  caused  separation  of  15.6  g  (65*7°)  of  the  hydrochloride  of  hydroxy  acid  (IV).  This  material  Wt^s 

in  the  form  of  prismatic  crystals  with  an  m.p.  of  192-193*  (from  anhydrous  alcohol). 

Found  *7©:  C  45.47;  45.54;  H  7.57.  7.39;  N  6.48.  6.70.  CgHieOaNCl.  Calculated  C  45.82;  H  7.63. 

N  6.67. 

1.3- Dimethyl-4-carbpmethoxy-4-pipefidol  (V).  l,3-Dimethyl-4-hydroxy-4-piperidinecarboxylic  acid 
(HI)  hydrochloride,  obtained  by  saponification  of  49.5  g  of  cyanohydrin  (I)  as  described  above,  was  esterified  by 
heating  with  150  ml  of  anhydrous  methyl  alcohol  at  70-80*  for  4  hr,  during  v/hich  time  dry  hydrogen  chloride 
was  continuously  passed  into  the  solution.  After  removal  of  the  methanol,  the  residue  was  dissolved  in  80  ml  of 
water  and  treated  with  potassium  carbonate.  The  oily  base  was  extracted  with  300  ml  of  ether,  and  the  extract 
was  dried  with  calcined  magnesium  sulfate.  After  evaporation  of  the  solvent,  distillation  of  the  residue  under 
vacuum  gave  the  following  fractions:  first  fraction,  b.p.  65-67*  (8  mm),  7.2  g;  second  fraction,  b.p.  108-110* 

(8  mm),  36.8  g.  The  first  fraction"  l,3-dimethyl-4-pipcridone“  was  formed  as  a  result  of  partial  decomposition 
of  cyanohydrin  (I).  The  second  fraction  crystallized  completely.  There  was  obtained  35.6  g  (53.7*7©)  of  hydroxy 
ester  (V)  with  an  m.p.  of  57-58*  (from  petroleum  ether). 

Found  *7o:  C  57.67.  57.99;  H  9.25.  9.14;  N  7.26,  7.36.  C9H7O3N.  Calculated  C  57.75;  H  9.09;  N  7.46. 

1.3- Dimethyl-4-carbethoxy-4-piperidol  (VII).  The  hydrochloride  of  hydroxy  acid  (m)  (5.3  g  )  was  esteri¬ 
fied  with  50  ml  of  anhydrous  alcohol,  as  described  above.  The  usual  treatment  resulted  in  4  g  (76*7©)  of  hydroxy 
ester  (VD). 

B.p.  99-101*  (1.5  mm),  d”^  1.062,  n^D  1.4742,  MR  53.22;  calc.  53.30. 

Found  *7©;  N  6.60.  6.69.  C10H13O3N.  Calculated  N  6.96. 

The  hydrochloride  melted  at  148-150*  (from  acetone). 

Found  *7©;  N  5.73;  5.67.  C10H20O3NCI.  Calculated  N  5.80. 
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bomeihoxy-4-piperidol  (V)  in  10  nil  of  anhydrous  benzene  was  mixed  with  6.6  g  of  benzoyl  chloride  and  heated 
for  3.5  hr  on  a  boiling  water  bath.  The  reaction  mixture  was  washed  with  anhydrous  ether  to  the  disappearance 
of  the  odor  of  the  acid  chloride  and  ground  to  a  powder  under  ether.  The  powder  was  separated  by  filtratioi)  and 
recrystallized  from  a  niLxture  of  acetone  and  anhydrous  alcohol.  There  was  obtained  5  g  (95*70)  of  the  benzoate 
of  (X)  in  the  form  of  snow-white  crystals  (see  table). 

Otlier  esters  of  1,3- dimethyl- 4- carbomethoxy- 4- piperidol  (V)  and  1,2,3- trimethyl- 4- carbomethoxy- 4- 
piperidol  (VI)  were  prepared  by  a  similar  method.  The  properties  of  these  compounds  are  reported  in  the  table. 

1,3-  Dimethyl-4-hydroxy-4-piperidyldiphenylcarbinol  To  a  solution  of  phenyllithium ,  prepared 
from  3  g  of  lithium  and  28.2  g  of  bromobenzene  in  60  ml  of  absolute  ether,  was  added  9.8  g  of  1,3- dimethyl- 4- 
carbomethoxy- 4- piperidol  (V);  the  addition  was  carried  out  over  a  period  of  1  hr.  The  reaction  mixture  was 
heated  for  4  hr  at  the  boiling  point  of  ether,  and  was  then  hydrolyzed  with  100  ml  of  18% hydrochloric  acid.  The 
ether  layer  was  separated,  and  the  aqueous  layer  was  concentrated  under  vacuum.  There  was  obtained  12.9  g 
(79%)  of  the  glycol  hydrochloride;  the  colorless  crystals  melted  at  259  259.5*  (from  acetone). 
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Found  N  4.42,  4.34.  CjoHjeOjNCl.  Calculated  %  N  4.53. 

1,3-Dimethyl- 4- phenyl- 4- piperidyl  phenyl  ketone.  A  mixture  of  11  g  of  l,3-dimethyl-4-hydroxy-4-pl- 
peridyldiphenylcarbinol  hydrochloride,  9  g  of  finely  powdered  anhydrous  zinc  chloride,  and  37  ml  of  acetic  an¬ 
hydride  was  heated  for  4  hr  on  a  boiling  water  bath.  The  mixture  was  then  diluted  with  50  ml  of  water,  neutral¬ 
ized  with  potassium  carbonate,  and  extracted  five  times  with  ether  (250  ml).  The  ether  extracts  were  combined 
and  dried  with  calcined  magnesium  sulfate-  The  solvent  was  evaporated,  and  6.6  g  (71.5*70)  of  the  ketone  was  ob¬ 
tained;  the  colorless  prisms  melted  at  118.5-120*  (from  ligroin  with  a  boilL'.g  range  of  80-100*). 

Found  N  4.83,  5.03.  C20H23ON.  Calculated  %  N  4.77. 

SUMMARY 

The  cyanohydrins  of  1,3- dimethyl-  and  l,2,3-trimcthyl-4-piperidones  were  utilized  as  starting  points  for 
the  synthesis  of  the  corresponding  4-carbomethoxy-4-piperidols  and  their  esters,  which  are  new  analogs  of  a- 
cocaine  and  a-eucaine. 
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This  work  is  a  continuation  of  our  study  of  the  mutual  effects  of  atoms  in  peptides  containing  a  tertiary 
nitrogen  atom,  cither  in  a  terminal  position  or  in  a  peptide  bond. 

It  was  reported  in  a  preceding  communication  [1]  that  through  spectrophotometric  measurements  made  on 
copper  complexes  it  is  possible  to  observe  the  change  in  the  character  of  light  absorption  in  media  of  different 
alkalinity  as  a  function  of  the  structure  of  peptides  containing  a  tertiary  nitrogen  atom  and  those  in  which  the 
amino  group  is  protected. 

Particular  attention  was  given  to  proline  in  the  present  work,  since  the  presence  of  this  amino  acid  in  a 
polypeptide  chain  naturally  changes  the  character  of  its  light  absorption  owing  to  the  lack  of  an  enolizable  hy¬ 
drogen  on  the  nitrogen  atom.  As  a  consequence,  when  proline  participates  in  the  formation  of  a  peptide  chain, 
tliere  are  certain  regularities  in  the  absorption  spectra  which  depend  on  the  number  of  peptide  bonds.  Thus,  for 
example,  the  presence  of  proline  and  sarcosine  as  the  second  amino  acid  in  di-  and  tripeptides  renders  this  com¬ 
pound  incapable  of  undergoing  a  biuret  reaction  [2].  When  two  or  three  amino  acid  residues  are  present  in  the 
peptide  chain  before  the  proline  residue,  the  peptide  is  capable  of  forming  biuret  complexes  in  which  the  pro¬ 
line  residue  does  not  participate  [3].  The  inclusion  of  proline  or  any  other  amino  acid  with  a  tertiary  nitrogen 
atom  in  a  more  complex  peptide  chain  in  effect  disrupts  the  continuity  of  the  chain,  dividing  it  into  shorter  sec¬ 
tions.  Like  cyclic  or  aliphatic  groups,  the  hexamethylenebiscarbamino  radical  [4]  for  example,  proline  inter¬ 
rupts  the  peptide  chain,  and  each  section  of  the  chain  before  and  after  the  proline  forms  a  complex  independent¬ 
ly.  This  can  be  schematically  represented  as  follows: 

HjC _ GHz  n  IV 

11  )  I 

HoC'  'CIICO-NHCHCO-NUCMCO— NH  ... 

...  OC— IINUCOC— UNCIICO - N 

I  I 

R'  R' 

Now  if  in  this  connection  one  considers  the  order  of  alternation  of  the  amino  acids  in  the  collagen  mole¬ 
cule  (albumin,  the  richest  in  proline),  then  it  is  possible  to  state  with  assurance  that  proline  here  disrupts  the 
continuity  of  the  polypeptide  chain,  and  the  character  of  the  light  absorption  associated  with  the  biuret  reaction 
will  depend  on  the  presence  of  the  proline  and  the  steric  configuration  of  the  polypeptide  chain  [5]. 

It  should  be  noted,  as  a  matter  of  fact,  that  proline  has  a  great  tendency  to  take  part  in  the  formation  of 
rings  [6-9],  since,  as  a  consequence  of  its  own  cyclic  nature,  it  is  capable  of  changing  the  configuration  of  a 
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TABLE  1 

Value  of  Xmax  (mp )  at  Different  Concentrations  of  the  Base 


^max 

mfi 

1 

Compound 

concentration  of  base  (grams  per  10  ml) 

AX 

0,05 

0.08 

0.24 

0.5 

Prolylglycylglycine 

hydrochloride 

560  m/|i 

— 

— 

570 

10 

Ethyl  ester  of  N-car- 
bobenzoxyprolylgly- 
cylglycine 

— 

— 

— 

590 

— 

Ethyl  ester  of  N-ben¬ 
zylprolylglycylglycine 

• 

510 

570 

60 

TABLE  2 

Values  of  for  the  Ester  and  the  Free  Tripeptide 


^max 

Compound 

concentration  of.  base  (grams  per  10  ml) 

0.05 

0.5 

Ethyl  ester  of  DL- prolylglycyl¬ 
glycine 

560 

570 

DL-  Prolylglycylglycine 

560 

570 

polypeptide  chain  [10].  For  this  reason,  it  seemed  of  interest  to  determine  its  significance  in  the  formation  of 
copper  biuret  complexes  of  tetrapeptides  and,  in  the  future,  higher  polypeptides.  It  was  especially  interesting  to 
observe  the  new  regularities  which  hold  when  the  peptide  chain  contains  a  terminal  tertiary  nitrogen  atom  in  ad¬ 
dition  to  a  proline  residue.  This  made  it  possible  to  determine  the  role  of  proline  in  a  peptide  of  similar  con¬ 
figuration.  Moreover,  we  were  also  interested  in  the  question  of  the  effect  of  an  alkyl  or  acyl  group  with  the 
proline  at  the  extremity  of  the  peptide  structure. 

DISCUSSION 

The  copper  complexes  studied  in  the  present  work  were  some  which  we  had  synthesized  previously  [11]. 
The  investigation  of  copper  complexes  of  the  ethyl  ester  of  N-benzylprolylglycylglycine  (H)  and  N-carboben- 
zoxyprolylglycylglycine  (I)  showed  that  (I)  does  not  form  a  copper  complex  when  the  concentration  of  base  is 
low.  Only  at  a  concentration  of  1.25  N  was  there  formed  a  complex  of  the  dipeptide  type  with  a  590mpi| 

the  intensity  was  very  low  at  the  usual  peptide  concentration  (0.01  M). 

Substance  (II)  formed  two  copper  complexes  at  alkali  concentrations  of  0.02  and  0.6  N  and  in  the  presence 
of  the  same  amount  of  copper  and  the  same  concentration  of  the  compound,  0.01  N;  the  complexes  had  values 
of  of  510  mfi  and  570  mp. 

DL-Prolylglycyl glycine  hydrochloride  at  base  concentrations  of  0.04  and  0.4  N  and  with  equal  amounts  of 
copper  and  equal  concentrations  of  the  hydrochloride  gave  complexes  for  which  the  shift  in  the  absorption  max¬ 
imum  was  very  slight:  560  and  570  mj;  (Table  1). 
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The  difference  in  the  nature  of  complex  formation  due  to  the  effect  of  protective  groups  is  apparent  from 
these  data:  the  carbobenzoxy  radical  is  an  acyl  protective  group,  and  the  benzyl  radical  is  an  alkyl  protective 
group.  The  addition  of  a  carbobenzoxy  group  to  the  secondary  nitrogen  atom  of  the  proline  converts  it  to  a  ter¬ 
tiary  nitrogen,  and.  in  all  probability,  it  is  incapable  of  taking  part  in  complex  formation. 

H2cI^  ^CHCO-NMCHjCO-NHCHjCOOCtMj 
N-  C-0CHj,-CsH5 

W||  2  6  5 

0 

If  the  tertiary  nitrogen  atom  of  dibenzyl  peptides  differs  from  the  nitrogen  of  an  amino  group  in  being  more 
positive,  tlicn  when  the  protective  group  is  carbobenzoxy,  there  will  not  be  an  increase  in  the  electron  density  at 
the  nitrogen  atom,  but  instead  there  will  be  repulsion  of  electrons  away  from  the  nitrogen  and  a  suppression  of  its 
positive  properties.  This  property  of  the  nitrogen  atom  of  carbobenzoxyproline  is  confirmed  by  the  inability  of 
this  compound  to  form  a  hydrochloride. 

After  removal  of  the  carbobenzoxy  group,  prolylglycylglycine  forms  a  copper  complex  with  a  typical  tri- 
peptide  absorption  spectrum  (Table  1). 

The  ethyl  ester  of  prolylglycylglycine  gave -the  same  values  of  the  absorption  maximums  as  were  obtained 
for  the  peptide  itself-  Consequently,  the  ester  group  has  no  effect  on  the  position  of  ^max'  ^  probable  that 
as  the  ester  stands  in  an  alkaline  medium,  the  ester  group  is  saponified  to  a  carboxyl  (Table  2). 

The  stability  of  the  copper  complex  of  prolylglycylglycine  was  low  at  higher  concentrations  of  the  base. 

Over  a  period  of  several  days  the  absorption  maximum  shifted  toward  the  longer  wavelengths  595mjj)andap- 

proached  the  absorption  maximum  for  a  dipeptide  copper  complex.  This  shift  can  possibly  be  explained  by  hy¬ 
drolysis  of  tile  peptide  at  the  prolyl”  glycine  bond- a  process  which  takes  place  more  rapidly  at  higher  concen¬ 
trations  of  tile  base. 

Double  complex  formation  was  evident  in  the  case  of  N-benzylprolylglycylgiycine  aiid  this  may  be  ex¬ 
plained  by  the  influence  of  alkyl  protection  at  the  proline  nitrogen  atom  (Table  1). 

Thus,  it  may  be  concluded  that  the  first  condition  which  must  be  satisfied  for  double  complex  formation  is 
the  presence  of  a  terminal  nitrogen  atom;  however,  this  condition  is  not  sufficient.  The  second  condition  is  that 
the  tertiary  nitrogen  atom  must  be  bonded  by  one  of  its  own  valences  with  an  alkyl  group. 

Two  copper  complexes  are  formed  when  a  tetrapeptide  molecule  contains  two  tertiary  nitrogen  atoms,  one 
of  which  is  a  terminal  nitrogen  with  dibenzyl  protection  and  the  other  is  present  in  the  proline  residue.  Thus,  the 
methyl  ester  of  N.N-dibcnzyldiglycylglycylprolinc  forms  complexes  with  of  510  and  580  mp  at  base  con¬ 

centrations  of  0.02  and  0.3  N  with  the  same  amount  of  copper  in  each  case-  In  addition,  we  followed  the  kinet¬ 
ics  of  the  formation  of  the  copper  complex  of  this  compound  at  a  base  concentration  of  0.01  N.  The  measure¬ 
ments  were  carried  out  every  15  min  over  a  period  of  an  hour.  It  was  found  that  during  the  reaction  there  is  a 
shift  in  the  absorption  maximum  toward  the  shorter  wavelengths  from  550  to  510  mp.  This  is  ac¬ 

companied  by  an  increase  in  the  intensity  of  absorption.  Spectrophotometric  measurements  of  this  same  com¬ 
pound  over  a  period  of  two  days  revealed  no  further  change  in  the  position  of  the  absorption  maximum  (Xmax 
510  mp),  but  the  intensity  increased  significantly. 

We  shall  not  attempt  to  formulate  any  final  conclusions  on  the  basis  of  these  preliminary  data,  but  wd  do 
propose  that  a  proline  residue  in  a  peptide  molecule  changes  the  conformation  of  the  chain.  It  is  known  from 
the  literature  that  proline  peptides  have  a  considerable  tendency  toward  coiling  of  the  peptide  chain  and  the  for¬ 
mation  of  intramolecular  hydrogen  bonds  [12,  13].  Our  results  suggest  that  in  proline -containing  peptides  there 
is  a  change  in  the  geometry  of  the  molecule  and  possibly  the  formation  of  hydrogen  bonds,  which  are  broken  in 
an  alkaline  medium  and  change  the  character  of  light  absorption. 
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This  may  be  represented  schematically  as  follows: 
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Obviously,  such  an  assumption  requires  confirmation  by  x-ray  structural  investigations. 

A  comparison  of  the  absorption  spectra  of  die  dibenzyltetrapeptide  and  the  dibenzyltripeptide  for  the  same 
base  concentrations  sliowed  that  these  compounds  behave  differently.  Thus,  it  was  only  in  the  case  of  the  tetra- 
peptide  that  we  were  able  to  observe  first  the  formation  of  a  blue  complex  and  then  a  shift  toward  the  shorter 
wavelengths  and  an  increase  in  absorption  intensity.  Obviously,  this  is  associated  with  the  presence  in  the  tetra- 
peptide  of  two  tertiary  nitrogen  atoms. 

After  removal  of  the  dibenzyl  protection,  the  methyl  ester  of  triglycylproline  gave  a  single  copper  com¬ 
plex  at  concentrations  of  base  from  0.04  to  0.4N;  the  maximum  was  at  550  mp.  It  may  be  possible  to  explain 
the  position  of  the  maximum  on  the  basis  of  an  effect  of  the  proline,  since  in  ordinary  tetrapeptides  525 mp 
(triglycyl glycine)  and  for  tripeptides  Xmax  570  mp.  We  are  not  yet  in  a  position  to  establish  the  nature  of  this 
effect.  It  is  possible  that  the  tertiary  nitrogen  of  the  proline  takes  part  to  some  extent  in  the  formation  of  the 
complex;  however,  this  requires  confirmation  by  a  large  amount  of  experimental  data.  In  the  present  work,  we 
have  made  a  first  attempt  to  study  the  effect  of  a  proline  ring  in  polypeptides  on  the  nature  of  complex  forma¬ 
tion. 


EXPERIMENTAL 

The  copper  complexes  of  the  peptides  and  their  derivatives  were  prepared  with  the  following  amounts  of 
reagents;  into  10  ml  of  solvent  (water,  96%  alcohol,  or  a  1 ;  1  mixture  of  alcohol  and  water)  was  introduced  that 
amount  of  the  compound  calculated  to  yield  a  concentration  of  0.01  M,  the  specified  amount  of  NaOH,  and  0.2- 
0.5  ml  of  an  0.25  M  solution  of  copper  sulfate. 

Figures  showing  the  absorption  spectra  of  the  copper  complexes  are  presented  below  (Figs.  1-8). 

The  copper  complex  of  the  ethyl  ester  of  N-carbobenzoxy-DL-prolylglycylglycine  had  a  ^max®^  *^1^ 

(Fig.  1). 

The  copper  complex  of  the  ethyl  ester  of  DL-prolylglycylglycine  had  of  560  and  570  mp  (Fig.  2). 

The  copper  complex  of  DL-prolylglycylglycine  had  of  560  and  570  mp  (Fig.  3). 

The  copper  complex  of  the  ethyl  ester  of  N -benzyl- DL-prolylglycylglycine  had  of  510  and  570  mp 

(Fig.  4). 

The  copper  complex  of  N,N-dibenzyldiglycylglycine  had  550  and  of  580  mp  (Fig.  5). 

The  copper  complex  of  the  methyl  ester  of  N,N-dibenzyltriglycyl-DL- proline  had  of  520  and 

580  mp  (Fig.  6). 

The  copper  complex  of  the  methyl  ester  of  triglycylproline  had  a  Xj^^x^f  curve  3). 

Complexes  with  the  same  amount  of  peptide  and  the  same  amount  of  copper  were  prepared  in  the  presence 
of  0.004  g  of  NaOH  at  the  same  time. 

The  kinetics  of  the  formation  of  the  complex  as  determined  by  measurements  at  various  time  intervals  are 
presented  in  Table  3  (Fig.  7). 

The  copper  complex  of  N.N-diethylnorleucylglycylglycine  had  of  520  and  590  mp  (Fig.  8). 

The  copper  complex  of  norleucylglycylglycine  had  a  of  570  mp  (Fig.  8). 
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Fig-  1.  Absorption  spectra  of 
the  copper  complex  of  the  ethyl 
ester  of  N-carbobenzoxy-DL-pro- 
lylglycylglycine-  Medium: 
water"  alcohol,  1 ;  1- 


r 


Fig.  2.  Absorption  spectra  of  the 
copper  complex  of  the  ethyl  ester 
of  DL-prolylglycylglycine- 
Medium:  water;  weight  of  NaOH 
(ing):  1)0.05,  2)0.5. 
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Fig.  3.  Absorption  spectra  of 
the  copper  complex  of  DL-pro- 
lylglycylglycine.  Medium: 
water;  notation  for  curves  is 
the  same  as  in  Fig.  2. 
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Fig.  4.  Absorption  spectra  of  the 
copper  complex  of  the  ethyl  ester 
of  N- benzyl- DL-prolylglycyl¬ 
glycine.  Medium;  alcohol" water; 
weight  of  NaOH  (in  g);  1)  0.008, 
2)  0.24. 
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Fig.  5.  Absorption  spectra  of  the 
copper  complex  of  N,N- dibenzyl 
diglycyl glycine.  Medium;  96% 
alcohol;  weight  of  NaOH  (in  g); 
1)  0.008,  2)0.12. 
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Fig.  7.  Change  in  the  absorption 
spectrum  of  the  copper  complex  of 
the  methyl  ester  of  N.N-dibenzyl- 
triglycylproline  with  time.  Medium: 
water- alcohol;  weight  of  NaOH. 

0.004  g;  1)  Xmax  ^50  rt^  at  15  min 
after  formation,  e  =  0.074;  2) 

530  mp  at  30  min.  e  0.083;  3)  X^^^^ 
510  mp  after  2  days,  e  0.1550. 
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Fig.  6.  Absorption  spectra  of 
the  copper  complex  of  the  methyl 
ester  of  N.N-dibenzyltriglycyl- 
DL- proline  (1  and  2)  and  of  the 
methyl  ester  of  triglycylproline 
(3,  medium:  96%  alcohol). 
Medium:  alcohol- water;  weight 
of  NaOH  (in  g):  1)  0.008,  2) 
0.12,  3)0.16. 
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Fig.  8.  Absorption  spectra  of 
N,N-diethylnorleucyl-(l  and  2) 
and  norleucylglycylglycine  (3  and  4). 
Medium;  water  (1,  2);  weight  of 
NaOH  (in  g):  1)  0.008,  2)  0.24, 

3)  0.05,  4)0.4. 
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TABLE  3 

Tile  Change  in  the  Absorption  Spectra  of  Copper  Complexes  of  a  Tetrapeptide  with  Time 
(weight  of  base,  0.004  g;  solvent,  alcohol  +  water) 


Methyl  ester  of  N.N-dibenzyldiglycylglycylproline 

X,  mp 

15  min 

after 

after 

after 

after 

after 

after 

formation 

30  min 

45  min 

60  min 

75  min 

2  days 

500 

0.057 

0.065 

o.o.si 

0.090 

0.090 

0.1.10 

510 

0  06.1 

0.074 

OOS5 

O.OitO 

0.097* 

0.1.55* 

520 

0.tMi3 

O.OHO 

0.088* 

0.092* 

0.095 

0.152 

530 

0.066 

0.081* 

0.O.S5 

0.0S9 

0.090 

ni.-)0 

5^40 

0  070 

0.074 

0.080 

0.082 

0.t).S3 

0.143 

5.50 

0.074* 

0  069 

0  075 

0.075 

0.076 

0.130 

560 

0.0fi3 

0  061 

0  069 

0.065 

0.tl66 

0.120 

570 

0.060 

0  060 

0.060 

00.59 

00.57 

0.115 

5'<0 

0.0.55 

0059 

0.055 

0.051 

00.50 

0.082 

500 

0.0.52 

0.0.50 

0.04.S 

004.8 

0049 

0.079 

600 

0.045 

0.045 

0.045 

0.046 

1 

0.044 

0.076 

•Figures  in  bold- face  type  denote  maximum  optical  density, 


SUMMARY 

1,  New  data  were  obtained  on  the  formation  of  two  types  of  complexes  by  N.N- dialkyl  substituted  tripep- 
tidcs  with  copper  ions  at  different  concentrations  of  base, 

2.  The  ability  of  a  proline  tripeptide  protected  by  an  acyl  group  to  form  complexes  has  been  compared 
with  that  of  alkyl- protected  tripeptides. 

It  was  shown  that  the  ethyl  ester  of  N-carbobenzoxyprolylglycylglycine  does  not  form  a  copper  complex  at 
low  base  concentrations.  With  an  increase  in  the  concentration  of  the  base  (1.25  N)  ^ntax  becomes  590  mp ,  but 
the  intensity  of  the  spectrum  is  very  low  0.0711). 

The  ethyl  ester  of  N-bcnzylprolylglycylglycine  forms  two  copper  complexes  at  base  concentrations  of  0.02 
and  0.6  N;  ^j^^x  '  P^olylglycylglycine  has  of  560  and  570  mp  under  these  same  con¬ 

ditions. 


3.  The  nature  of  the  formation  of  copper  complexes  of  N.N- dibenzyl- substituted  and  of  free  proline-con¬ 
taining  peptides  was  studied. 

It  was  shown  that  the  ethyl  ester  of  N.N-dibenzyltriglycylproline  forms  first  a  blue  complex  (^rnax 
mp  )  and  then  red  complex  (^max  ^  ^  simultaneous  increase  in  the  intensity  of  absorptionj  this  Is 

associated  with  the  presence  in  the  tetrapeptide  of  two  tertiary  nitrogen  atoms. 

The  unprotected  methyl  ester  of  triglycylproline  had  a  of  550  mp  regardless  of  the  concentration  of 

the  base- 

4.  A  difference  was  noted  in  the  formation  of  copper  complexes  by  the  tetrapeptide  as  compared  to  other 
peptides  lacking  a  tertiary  nitrogen  atom. 
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In  connection  with  the  great  interest  which  has,  in  recent  years,  been  responsible  for  stereochemical  inves¬ 
tigations  in  the  field  of  cis“  trans- isomerism  of  alicyclic  compounds,  it  is  very  important  to  determine  which  of 
those  reactions  ordinarily  used  for  the  conversion  of  compounds  into  others  take  place  stereospecifically.  In  par¬ 
ticular,  it  is  desirable  to  know  what  routes  can  be  used  to  carry  out  given  conversions  in  the  side  chains  of  disub- 
stituted  cyclanes  without  disturbing  the  steric  disposition  of  these  chains.  It  has  been  considered  that  if  the  reac¬ 
tion  docs  not  involve  the  bond  between  the  ring  atom  to  which  the  side  chain  is  attached  and  the  first  atom  of 
the  chain,  there  should  be  no  change  in  the  configuration  of  the  stereoisomer;  however,  in  the  case  of  many  reac¬ 
tions  in  which  the  bond  is  not  involved  at  all,  the  reaction  products  nevertheless  include  a  certain  amount  of  the 
other  stereoisomer,  which  is  frequently  difficult  to  separate.  Thus,  for  example,  when  lithium  aluminum  hydride 
reacts  with  one  of  thetosylates  of  the  individual  stercoisomeric  1,3-dimethylcyclopentanes,  the  resulting  cis-  or 
trans-l,3-dialkylcyclopentanc  will  include  up  to  Yl°]ooi  the  corresponding  stereoisomer  [1],  even  though  the 
bonds  between  the  ring  carbon  atoms  and  the  methylol  groups  do  not  take  part  in  this  reaction.  At  the  same  time, 
certain  other  reactions  take  place  strictly  stereospecifically,  for  example,  the  reduction  of  carbalkoxy  and  car¬ 
boxyl  groups  by  this  same  lithium  aluminum  hydride  [2,3], 

Since  the  stereochemistry  of  some  of  the  alicyclic  dicarboxylic  acids  has  been  well  studied  and  their  indi¬ 
vidual  stereoisomers  are  frequently  comparatively  available,  they  should  be  useful  as  starting  materials  for  the 
preparation  of  numerous  stercoisomeric  substances.  On  the  basis  of  these  considerations,  we  decided  to  determine 
whether  the  reaction  of  such  esters  with  Grignard  reagents  takes  place  stereospecifically. 

The  compounds  selected  for  this  investigation  were  the  cis-  and  trans- 1,4- cyclohexanedicarboxylic  acids, 
the  configurations  of  which  have  repeatedly  been  established  by  various  methods  [4,  5],  so  that  this  feature  of  the 
investigation  could  not  raise  any  doubts.  The  dimethyl  ester  of  the  cis- acid  has  been  prepared  by  the  action  of 
diazomethane  on  the  acid  [4],  so  that  the  configurations  of  the  esters  of  these  acids  must  also  be  considered  reli¬ 
ably  established.  Therefore,  the  dimethyl  esters  of  the  cis-  and  trans- acids  were  reacted  with  the  Grignard  re¬ 
agent  (methylmagnesium  halide). 

COOCHg  H3C— C-CHa 

I 

-f  4CH3MgCl  — ► 

\/  \/ 

I  I 

COOCH3  H3C-G-CH3 

I 

OH 
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However,  it  was  found  that  apparently  the  reaction  pro¬ 
ceeds  stereospecifically  only  in  the  case  of  the  trans- isomer. 

At  least,  it  was  only  from  the  ester  of  the  trans- acid  that  there 
was  obtained  a  single  1. 4- bis( a- hydroxyisopropyl) cyclohexane, 
which  had  an  m.p.  of  159.3-159.8*.  From  the  interaction  of  the 
Grignard  reagent  with  the  ester  of  the  cis-acid  we  invariably 
obtained  a  mixture  which  melted  over  a  wide  temperature  range. 
Two  substances  with  sharp  melting  points.  100.9-101.2*  and 
115.5-116.0*,  were  obtained  by  fractional  crystallization  of  this 
mixture-  The  analysis  of  each  substance  corresponded  to  the 
composition  C12H24O2.  as  did  that  of  the  trans- diol.  It  was  found 
that  the  second  substance  could  easily  be  obtained  from  the  first 
substance  and  the  trans- diol.  This  could  be  accomplished  sim¬ 
ply  by  mixing  them  in  a  weight  ratio  of  3  ;  1,  respectively,  dis¬ 
solving  the  mixture  in  chloroform  at  room  temperature,  and 
evaporating  the  solvent,  also  without  heating.  The  preparation 
obtained  by  this  route  melted  sharply  at  115. 5- 116.0*,  and  a 
mixture  of  this  material  with  the  second  substance  obtained  from 
the  products  of  the  Grignard  reaction  melted  without  depression 
of  the  melting  point.  As  may  be  seen  from  Fig-  1.  no  other  ratio  of  the  first  substance  to  the  trans- diol  gave  a 
preparation  with  a  sharp  melting  point.  This  led  us  to  the  conclusion  that  the  first  substance,  which  melted  at 
100.9-101.2*,  was  cis-l,4-bis(a-hydroxyisoptopyl)cyclohexane;  correspondingly,  the  substance  with  an  m.p.  of 
159.3-159.8*  was  the  trans- isomer.  This  conclusion  is  consistent  with  the  fact  that  the  trans- isomer  was  obtained 
as  the  sole  product  from  the  interaction  of  the  ester  of  the  trans- acid  with  the  Grignard  reagent  and  also  with  the 
fact  that  a  higher  melting  point  is  characteristic  of  the  trans- form  in  the  series  of  1,4-disubstituted  cyclohexanes. 
In  particular,  between  the  two  1,4-dimethylcyclohexanes,  which  are  structurally  close  to  our  compounds,  the  trans¬ 
compound  also  has  the  higher  melting  point  [3]. 


Fig  1.  Dependence  of  the  melting  point 
of  mixtures  of  cis-  and  trans-1.4-bis(ot- 
hydroxyisopropyl)cyclohexanes  on  com¬ 
position  of  the  mixture.  The  lower  broken 
line  joins  points  corresponding  to  the  begin¬ 
ning  of  melting;  the  upper  line  represents 
the  end  of  melting. 


The  second  substance,  m.p.  115.5-116.0*,  was  apparently  a  molecular  compound  of  three  molecules  of  the 
cis-diol  and  one  molecule  of  the  trans-diol.  Consequently,  the  reaction  of  the  ester  of  the  cis-acid  with  the  or- 
ganomagnesium  compound  was  not  stcreospccific,  and  the  small  amount  of  trans-diol  formed  combined  with  cis- 
diol  during  the  course  of  the  reaction.  The  fraction  of  die  molecular  compound  among  the  reaction  products  var¬ 
ied  in  different  syntheses  over  the  range  of  45  to  lOO'^o,  and  we  were  unable  to  establish  on  which  of  the  insignif¬ 
icant  changes  in  reaction  conditions  this  depended.  The  molecular  compound  formed  by  the  individual  stereo¬ 
isomers  was  extremely  stable.  We  made  numerous  attempts  to  separate  it  into  the  individual  stereoisomers  by 
fractional  crystallization  from  various  solvents  (water,  methanol,  ethanol,  ether,  acetone,  n-hexane,  dioxane, 
and  chloroform),  by  chromatography  on  silica  gel  or  aluminum  oxide,  and  by  paper  chromatography  (from  vari¬ 
ous  solvents  in  both  types  of  chromatography),  but  all  attempts  were  unsuccessful.  We  were  successful  only  in 
separating  a  small  amount  of  crystals  of  the  trans-diol  from  the  molecular  compound;  these  crystals  melted  at 
about  159*,  and  a  mixture  with  known  trans-diol  melted  without  depression  of  the  melting  point. 


It  is  also  possible  that  the  ability  of  cis-  and  trans- isomers  to  form  molecular  compounds  is  also  inherent 
in  other  substances  of  similar  structure.  Thus,  there  is  an  indication  in  the  literature  [4]  that  a  substance  with  an 
m.p.  of  166-167*,  which  has  been  described  as  cis-l,4-cyclohexanedicarboxylic  acid,  is  actually  a  mixture  of 
the  cis-  and  trans- forms  (6*70  trans- acid),  even  though  it  melted  within  a  narrow  temperature  interval.  Neither 
the  composition  not  the  melting  point  of  this  mixture  changed  upon  repeated  crystallizations.  According  to  the 
literature  [4],  the  pure  cis-acid  (m.p.  170-171*)  can  be  prepared  only  by  hydrolysis  of  the  cyclic  anhydride  of 
this  acid.  A  synthetic  mixture  of  the  pure  cis-acid  with  the  trans- acid  melted  at  166-167*,  and  it,  too,  could  not 
be  separated  by  crystallization. 


We  shall  now  turn  our  attention  to  the  great  similarity  between  our  compounds  and  those  obtained  by  the 
Polish  authors  [4].  In  addition  to  the  fact  that  they  are  all  1,4-disubstituted  cyclohexanes,  they  are  also  all  sym¬ 
metrically  substituted  with  oxygen  atoms  in  the  1-  and  T- positions  in  the  side  chains.  This  similarity  is  clearly 
apparent  from  the  structural  formulas; 


3897 


trans-form  cis'forra 


One  is  Inclined  to  suspect  that  in  both  cases  the  molecular  compounds  are  formed  by  hydrogen  bonding,  or 
else  they  are  inclusion  compounds.  One  piece  of  evidence  against  the  first  proposal  is  that  the  Polish  authors  [4] 
prepared  a  dimethyl  ester  with  an  m  p.  of  14*  from  their  cis-acid,  while  our  purest  preparation  of  this  substance, 
which  was  prepared  by  a  different  route,  froze  at  9.6*,  although,  as  far  as  may  be  judged  from  the  freezing  point 
curve,  it  had  a  purity  of  Therefore,  the  possibility  cannot  be  excluded  that  we  were  dealing  in  this  case 

with  a  molecular  compound  and  that  the  high  degree  of  purity  related  to  the  latter  compound  and  not  to  an  indi¬ 
vidual  dimethyl  ester  of  the  cis-acid.  Moreover,  esters  of  1,4-cyclohexancdicarboxylic  acids,  despite  the  fact 
that  they  have  oxygen  atoms  at  the  1-  and  1' -positions  in  the  side  chains,  do  not  have  labile  hydrogen  atoms, 
and  cannot,  therefore,  form  hydrogen  bonds.  On  the  other  hand,  our  preparation  of  the  ester  of  the  cis-acid  can¬ 
not  be  an  inclusion  compound,  since  such  a  compound  by  its  very  nature  can  exist  only  in  the  solid  form.  Con¬ 
sidering  all  of  these  indications,  we  believe  that  only  further  study  of  the  properties  of  the  dimethyl  ester  of  cis- 
1,4-cyclohexancdicarboxylic  acid  can  shed  light  on  this  problem. 

We  remark,  by  the  way.  that  our  conclusion  as  to  the  nonstereospecific  course  of  the  Grignard  reaction  with 
the  ester  of  the  cis-acid  is  correct  regardless  of  whether  the  preparation  we  used  in  the  reaction  was  an  individual 
compound  or  a  molecular  compound  of  the  cis-  and  trans- forms.  It  is  evident  that  in  the  latter  case  the  yield  of 
molecular  compound  of  the  diols  from  a  stcreospecific  reaction  should  have  been  constant  in  all  experiments, 
since  the  concentration  of  ester  of  the  trans- acid  in  the  starting  material  was  constant,  and  this  was  not  observed. 

Since  we  had  available  pure  cis-  and  trans- diols,  we  naturally  attempted  to  prepare  some  new  stereoiso- 
meric  derivatives  of  1,4-diisopropylcyclohexane.  We  first  attempted  to  prepare  cis-  and  trans- 1,4- bis (a-chloro- 
isopropyl)cyclohexanes  and  their  bromine  and  iodine  analogs;  however,  we  were  able  to  accomplish  the  synthesis 
of  these  compounds  only  in  the  case  of  the  trans-compounds,  since  replacement  of  the  hydroxyl  in  the  cis-diol 
by  chlorine  was  accompanied  by  partial  isomerization  to  the  trans- form,  even  at  “30*.  We  were  unable  to  sep¬ 
arate  the  resulting  mixture  of  dichlorides  into  individual  stereoisomers  by  crystallization. 

The  trans- form  of  tire  dichloride,  dibromide,  and  diiodide  was,  in  each  case,  a  crystalline  material  which 
readily  decomposed  on  comparatively  slight  heating.  Thus,  the  dichloride  decomposed  during  crystallization 
from  boiling  methanol  and  even  on  prolonged  boiling  in  ether  solution.  The  dibromide  could  be  recrystallized 
from  ether  only  with  difficulty,  and  only  a  small  part  of  the  diiodide  was  recovered  from  a  similar  recrystalliza¬ 
tion.  On  standing  at  ambient  conditions  for  several  weeks,  the  diiodide  was  converted  to  a  dark  liquid  with  the 
odor  of  hydrogen  iodide. 

In  conclusion,  it  should  be  remarked  that  in  contradiction  to  the  rule  of  Auwers-Skita.  the  dimethyl  ester 
of  cis-1.4-cyclohexanedicarboxylic  acid  boiled  lower  than  its  trans- stereoisomer.  Two  such  violators  of  the 
rule  have  recently  been  encountered  among  the  1,4-disubstituted  cyclohexanes:  the  1,4-diisopropylcyclohexanes 
[6]  and  the  4-methylcyclohexanols  [7]. 


EXPERIMENTAL 

The  dimethyl  esters  of  cis-  and  trans  1,4-cycIohexanedicarboxylic  acids.  To  a  two- liter  autoclave  was 
charged  350  g  of  dimethyl  terephthalate,  350  ml  of  methanol,  and  50  ml  of  Raney  nickel-  The  hydrogenation 
was  carried  out  at  185-200*  •  and  an  initial  hydrogen  pressure  of  140-150  atm.  The  hydrogenation  proceeded 
very  poorly  at  a  lower  initial  pressure.  The  catalyst  was  removed  by  filtration,  the  methanol  was  distilled,  and 

•At  a  higher  temperature,  even  at  210*,  there  was  considerable  decomposition  with  a  sharp  increase  in  the  pres¬ 
sure  in  the  autoclave. 
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the  residue  was  distilled  under  vacuum.  The  distillation  yielded  the  dimethyl  ester 
of  1,4-cyclohexanedicarboxylic  acid* chiefly  the  cis-form;  the  yield  was  65*70  of 
material  with  a  b.p.  of  148-151.5*  (19  mm).  There  were  also  obtained  6*7oof  a  sub¬ 
stance  with  a  b.p.  of  87.0-90.0*  (19  mm)  (possibly  the  methyl  ester  of  hexahydro- 
benzoic  acid  formed  by  decarboxylation).  22%  oi  a  cry-stalline  mass  from  which  was 
separated  (in  small  portions)  the  dimethyl  ester  of  trans- 1,4-cyclohexanedicarbox¬ 
ylic  acid  with  an  m.p.  of  68.5-69.5*  (from  ether),  and  a  substance  with  an  m.p.  of 
105.5-106.0*  (from  ether).  This  last  material  was  apparently  the  previously  unde¬ 
scribed  monomethyl  ester  of  cis-1.4  cyclohexanedicarboxylic  acid,  since  analysis 
of  the  material  indicated  the  correct  composition,  and  it  melted  significantly  lower 
than  the  monomethyl  ester  of  the  trans- acid  (m.p.  125*  [8J). 

Found  C  58.21.  58.07;  H  7.52.  7.62.  C9H14O4.  Calculated  *7o;  C  58.05; 

H  7.58. 

The  same  route  was  used,  in  several  experiments,  to  prepare  2957  g  of  the 
major  fraction  of  the  dimethyl  ester  of  1,4-cyclohexanedicarboxylic  acid.  Cooling 
this  fraction  with  an  ice- salt  mixture  caused  the  entire  mass  to  crystallize,  but  when 
the  mass  was  allowed  to  warm  slowly  to  room  temperature,  not  all  of  it  melted,  and 
a  considerable  part  of  the  trans- form  remained  in  the  form  of  crystals.  The  dimeth- 
was  separated  by  filtration  and  repeatedly  recrystallized;  it  melted  at  70.0-70.5*  [9]. 

It  was  subsequently  found  that  it  was  easier  to  convert  this  material  to  trans- 1,4- bis(  a-hydroxyisopropyl)- 
cyclohexanc  and  to  purify  the  latter  than  to  purify  the  ester  itself,  and,  therefore,  in  succeeding  syntheses  less 
pure  portions  of  the  ester  with  a  melting  point  not  lower  than  68*  were  used. 

The  dimethyl  ester  of  the  cis-acid  was  distilled  in  a  glass- packed  column  with  an  efficiency  of  about  60 
theoretical  plates,  and  was  then  purified  by  repeated  recrystallization  from  ether  at  low  temperatures  followed  by 
redistillation  in  the  same  column.  The  purest  fraction  had  a  b.p.  of  126.9-127.2*  (7  mm),  f.p.  9.6*,  n^^D  1.4590, 
d^®4  1.1111,  and  was  OD.S^opure.  The  freezing  point  curve  for  the  ester  of  the  cis-acid  is  shown  in  Fig.  2.  The 
cryoscopic  constants  of  the  esters  were  determined  by  adding  the  other  stereoisomer;  they  were:  0.030  and 
0.035  mole  fraction/ degree  of  the  cis-  and  trans- forms,  respectively. 

During  the  initial  distillation  of  the  mixture  of  stereoisomcric  esters,  it  was  observed  that  the  trans- isomer 
accumulated  in  the  last  fractions  of  distillate  and  in  the  residue.  Thus,  in  one  of  the  distillations,  crystals  of  the 
trans-isomer  appeared  in  fractions  collected  after  distillation  of  6l7oof  the  mixture  charged  (762  g),  and  the  dis¬ 
tillation  residue  (21*7o)  completely  crystallized. 

Trans-l,4-bis(a-hyJroxyisopropyl)cyclohexane.  Into  a  four- neck  flask  fitted  with  a  stirrer  with  mercury  seal, 
a  reflux  condenser,  a  dropping  funnel,  a  thermometer  with  a  long  stem  reaching  to  the  bottom  of  the  flask,  and 
a  gas- inlet  tube  was  placed  24  g  of  magnesium  and  800  ml  of  absolute  ether,  and  the  air  was  displaced  by  methyl 
chloride  dried  over  sulfuric  acid  and  silica  gel.  The  contents  of  the  flask  were  then  cooled  to  15*.  the  stirrer  was 
started,  and  methyl  chloride  was  rapidly  fed  into  the  flask.  At  this  temperature,  absorption  of  the  methyl  chloride 
was  very  rapid.  When  all  of  the  magnesium  had  reacted,  the  stream  of  methyl  chloride  was  replaced  by  a  stream 
of  nitrogen,  and  to  the  flask  was  rapidly  added  a  solution  of  24  g  of  the  dimethyl  ester  of  trans- 1.4- cyclohexane 
dicarboxylic  acid  (m.p.  70.0-70.5*)  in  120  ml  of  ether.  The  reaction  mixture  was  then  heated  on  a  water  bath 
to  the  boiling  point  of  the  ether,  and  was  stirred  at  this  temperature  for  5  hr;  it  was  then  allowed  to  stand  over¬ 
night.  The  Grignard  complex  was  decomposed  first  with  water  and  then  with  hydrochloric  acid.  Owing  to  the 
very  low  solubility  of  the  trans- diol  in  ether,  a  large  part  of  it  appeared  as  a  crystalline  suspension  in  the  ether 
layer.  After  the  crystals  had  been  removed  by  filtration,  the  lower  layer  was  separated  and  discarded,  and  the 
ether  layer  was  washed  three  times  wtih  bisulfite  solution  and  then  with  water,  a  solution  of  sodium  carbonate, 
and  again  with  water.  It  was  then  dried  and  evaporated  to  a  small  volume.  This  resulted  in  precipitation  of  crys¬ 
tals,  which  were  separated  by  filtration  and  combined  with  the  material  obtained  by  the  first  crystallization.  The 
yield  of  dried  crystals  was  80-85*7^  in  several  syntheses.  The  material  was  a  fine  powder  with  an  m.p.  of  159.3- 
159.8*  (from  acetone). 

Found  %:  C  71.84.  71.89;  H  11. 85.  11.91.  C12H24O2.  Calculated  %x  C  71.95;  H  12.08. 


Time  (min) 


Fig.  2.  Freezing-point 
curve  for  the  dimethyl 
ester  of  cis-l,4-cyclo- 
hexanedicarboxylic  acid. 

yl  ester  of  the  trans- acid 
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Trans- 1,4- bis(a-chloroisopropyl)cyclohexane.  A  solution 
of  10.0  g  of  trans-1.4-bis(a-hydroxyisopropyl)cyclohexane  in 
100  ml  of  methanol  was  cooled  with  ice.  and  dry  hydrogen  chlo¬ 
ride  was  then  passed  into  the  solution  until  there  was  no  further 
increase  in  w'eight.  The  dichloride  precipitated.  The  precipi¬ 
tate  was  separated  by  filtration,  washed  twice  with  cold  meth¬ 
anol,  and  dried  in  air;  the  weight  of  the  precipitate  was  11.3  g 
(95.7%).  Several rccrystallizations  from  ether  yielded  9,4  g 
(79,7%)  of  the  dichloride  in  the  form  of  lustrous  leaflets.*  M.p. 
135.6- 136.3*. 

Found  %;  C  60.81.  60.93;  H  9.34.  9,38;  Cl  29.71.  29.73. 
C12H24CI2.  Calculated  %:  C  60.71;  H  9.35;  Cl  29.88. 

Trans-1.4-bis(a-bromoisopropyl)cyclohexane.  A  solution 
of  2.0  g  of  trans-1.4-bis(a-hydroxyisopropyl)cyclohexane  in 
50  ml  of  methanol  was  cooled  with  ice.  and  dry  hydrogen  bro¬ 
mide  was  passed  into  the  solution  until  there  was  no  further  in¬ 
crease  in  weight.  The  dibromide  precipitated  and  was  treated 
in  the  same  manner  as  the  dichloride.  The  weight  of  the  dry  dibromide  was  2.6  g  (79,3%).  Several  recrystalliza¬ 
tions  from  ether  yielded  lustrous  leaflets  with  an  m.p.  of  146.5-147.0*  (in  a  sealed  capillary). 

Found  %:  C  44.18.  44.34;  H  6.82.  6.73;  Br  49.03,  49.03.  Ci2H24Br2.  Calculated  %:  C  44.19;  H  6.80; 

Br  49,01. 

Trans- l,4-bis(a-iodoisopropyl)cyclohexane.  A  solution  of  3.0  g  of  trans-l,4-bis(a-hydroxyisopropyl)cyclo- 
hexane  in  75  ml  of  methanol  was  cooled  with  ice,  and  dry  hydrogen  iodide  was  passed  into  the  solution  until  there 
was  no  further  increase  in  weight.  The  reaction  products  were  treated  in  the  same  manner  as  in  the  preceding 
cases,  and  thera  was  obtained  3.1  g  (49.2%)  of  the  dry  diiodide.  Recrystallization  of  1.4  g  of  the  diiodide  from 
ether  gave  0,7  g  of  crystals  (lustrous  leaflets)  having  a  sharp  decomposition  temperature  of  66.2-66.5*  (in  asealed 
capillary). 

Found  <70:  C  34.32.  34.04;  H  5.29,  5.25;  1  60.12,  60.46.  Ci2H24l2-  Calculated  %:  C  34.28;  H  5.24;  I  60.48. 

Cis-l,4-bis(a-hydroxyisopropyl)cyclohexane.  Grignard  reagents  were  prepared  from  25  g  of  magnesium  in 
220  ml  of  absolute  ether  and  methyl  bromide  in  the  same  manner  used  in  the  synthesis  of  the  trans-diol.  Then, 
at  a  temperature  of  10-12*.  was  added  25.0  g  of  the  dimethyl  ester  of  cis-l,4-cyclohexanedicarboxylic  acid 
(m.p.  9,6*)  in  120  ml  of  absolute  ether.  The  reaction  mixture  was  stirred  for  2  hr  at  20-25*,  and  was  then  allowed 
to  stand  overnight.  The  complex  was  decomposed  with  ice  and  hydrochloric  acid,  and  the  precipitated  crystals  of 
cis-diol  were  separated  by  filtration  and  dried;  the  yield  of  dry  crystals  was  21.1  g  (84.4%).  The  ether  layer  was 
discarded.  Fractional  crystallization  from  ether  gave  7.6  g  (30%)  of  a  compound  with  an  m.p.  of  100.9-101.2* 
(after  drying  at  70*  for  2  hr);  the  residue  from  the  fractional  crystallization  was  a  compound  with  an  m.p,  of  115,5- 
116.0*. 

Substance  with  an  m.p.  of  100.9-102*.  Found  %:  C  71.75.  71.74;  H  12.04,  11.95. 

Substance  with  an  m.p.  of  115.5-116*.  Found  %;  C  71.84.  71. 88;  H  11.95,  12,12,Cj2H2402.  Calculated  %: 

C  71.95;  H  12.08. 

Upon  crystallization  from  water  or  wet  ether,  the  first  substance  formed  a  monohydrate  which  melted  when 
heated  rapidly  at  an  indeterminate  temperature  below  90*.  When  heated  slowly,  it  readily  lost  water,  and  the 
resulting  anhydrous  compound  melted  at  about  101*. 

Found  %;  H2O  9.10,  8.67.  C12H24O2  •  H2O.  Calculated  %;  HjO  8.99. 

Synthetic  mixtures  of  cis-  and  trans-diols.  Synthetic  mixtures  of  the  anhydrous  cis-diol  (m.p.  100.9-101.2*) 
and  trans-diol  were  prepared  by  dissolving  small  weighed  amounts  of  the  diols  in  chloroform  and  evaporating  the 
chloroform.  All  of  these  operations  were  carried  out  at  room  temperature.  The  results  of  the  melting  point  de¬ 
terminations  on  these  mixtures  are  shown  in  Fig.  1  and  in  the  table. 

•When  the  crystals  were  grown  slowly,  regular  hexahedrons  and  elongated  hexahedral  plates  are  obtained. 


Dependence  of  the  Melting  Point  of  Mix¬ 
tures  of  cis-  and  trans-Diols  on  the  Com¬ 
position  of  the  Mixture 


Mix¬ 

ture 

No. 

Content  of 
irans-  form 
(in  %) 

Melting  range 

1 

0 

100.9—101.2° 

2 

12.8 

109.0-114.0 

3 

17.1 

113.0-11.5.0 

4 

20  0 

11.3..5- 115.0 

5 

2.50 

11.5  5-116.0 

6 

2.5.0 

11.5.0-11.5.5 

7 

30.0 

115.0-116.5 

8 

33.3 

116-124 

9 

50.0 

116-140 

10 

75.0 

143-151 

11 

100 

159.3-159.8 
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A  mixture  prepared  from  the  synthetic  mixture  (No.  6  of  the  table)  and  the  material  with  an  m.p.  of  115.5- 
116.0*  obtained  in  the  synthesis  described  above  melted  at  115.0-115.7*. 

Cis- 1,4- bis(a- chlorolsopropyl)cyclohexane .  a)  A  solution  of  0.9  g  of  cls-l,4-bls(a-hydroxyisopropyl)cy- 
clohexane  (m.p.  100.9-101.2*)  Ln  3  ml  of  methanol  was  cooled  with  ice,  and  dry  hydrogen  chloride  was  passed 
into  the  solution  until  there  was  no  further  increase  in  weight.  The  resulting  precipitate  was  purified  as  in  the 
case  of  the  trans- isomer;  the  yield  of  dry  precipitate  was  0.8  g  (757<!).  Two  fractions  were  separated  by  fractional 
recrystallization  from  ether;  one  fraction  melted  at  131-134*  (0.3  g),  and  the  other  melted  at  75-99.5*. 

b)  Dry  hydrogen  chloride  was  passed  into  a  solution  of  2.0  g  of  the  cis-diol  (m.p.  100.9-101.2*)  in  12  ml 
of  methanol  at  ~30*.  After  the  usual  treatment,  the  precipitate  weighed  2.0  g  (84%).  It  was  not  possible  to  sep¬ 
arate  a  fraction  with  a  sharp  melting  point  by  fractional  crystallization. 

SUMMARY 

1.  It  was  shown  that  in  the  reaction  of  a  Grignard  reagent  with  the  dimethyl  esters  of  the  stereoisomeric 
1,4-cyclohexanedicarboxylic  acids,  the  trans- form  reacts  stereospecifically,  while  the  cis- form  reacts  with  partial 
conversion  to  the  other  configuration. 

2.  The  cis-  and  trans-l,4-bis(a-hydroxyisopropyl)cyclohexanes.trans-l,4  bis(a-chloroisopropyl)cyclohex- 
ane,  and  the  bromine  and  iodine  analogs,  none  of  which  have  been  previously  described  in  the  literature.  Were 
prepared. 

3.  It  was  shown  that  the  stereoisomeric  1,4  bis(a-hydroxyisopropyl)cyclohexanes  combine  to  form  a  mo¬ 
lecular  compound. 
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Bridged  bicyclic  compounds  prepared  by  Diels- Alder  synthesis  from  cyclopentadiene  or  its  halogen  deriva 
tives  have  recently  attracted  widespread  attention.  These  compounds  are  based  on  the  bicyclo(2,2,l)heptane 
structure.  Many  of  them  have  found  application  as  insecticides,  plasticizers,  monomers  for  the  production  of  heat¬ 
proof  plastics,  etc.  Therefore,  the  synthesis  of  compounds  of  this  type  and  the  study  of  their  physical  and  chem¬ 
ical  properties  arc  of  definite  interest. 

It  is  well  known  that  dienic  hydrocarbons  with  conjugated  double  bond  systems  can  undergo  Diels- Alder 
type  reactions  by  themselves;  in  such  reactions,  one  molecule  acts  as  the  diene  and  another  acts  as  the  dieno- 
phile.  This  route  yields  dicyclopentadiene  from  cyclopentadiene,  vinylcyclohexene  from  butadiene,  etc.  This 
reaction  has  been  quite  thoroughly  studied.  However,  the  condensation  of  two  different  hydrocarbons  with  con¬ 
jugated  double  bonds  remains  almost  without  study. 

It  is  known,  for  example,  that  piperylene,  isoprene,  dipropenyl,  diisopropenyl,  and  1,3-cyclohexadiene  are 
capable  of  entering  into  Diels- Alder  reactions  with  butadiene  at  150*  with  the  formation  of  the  corresponding 
codimers  [1].  The  authors  of  this  paper  determined  the  structure  of  several  of  these  products,  but  did  not  isolate 
the  individual  compounds. 

It  is  reported  in  the  literature  [2,  3]  that  cyclopentadiene  and  methylcyclopentadiene  can  form  codimers 
with  acyclic  dienes.  This  essentially  exhausts  the  presently  available  information  on  the  cocondensation  of  dif¬ 
ferent  diolefinic  hydrocarbons  by  the  Die  Is- Alder  route. 

It  appeared  to  us  that  investigation  of  this  reaction  is  of  definite  interest,  since  in  the  first  place,  such  an 
investigation  would  provide  the  information  necessary  for  the  synthesis  of  new  cyclic  hydrocarbons  of  a  given 
structure,  and,  in  the  second  place,  it  would  permit  a  comparison  of  the  relative  reactivities  of  dienic  hydrocar¬ 
bons  in  the  Diels-Alder  reaction.  Therefore,  we  undertook  an  investigation  of  the  cocondensation  of  cyclopenta¬ 
diene  with  butadiene. 

It  was  found  that  the  reaction  of  cyclopentadiene  with  butadiene  can  successfully  be  applied  to  the  synthe' 
sis  of  both  possible  codimers-2-vinylbicyclo(2,2,l)-5-heptene  (I)  and  4,9,7,8-tetrahydroindene  (H). 


(I) 


c-d-Cd 
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when  the  reaction  is  carried  out  within  the  temperature  range  of  140  to  200*,  in  addition  to  compounds  (I) 
and  (EL)  there  are  also  formed  dimers  of  butadiene  and  cyclopentadiene  and  reaction  products  of  higher  molec¬ 
ular  weight.  By  changing  the  temperature  of  the  experiment,  it  is  possible  to  direct  the  condensation  toward  the 
predominant  formation  of  either  vinylbicycloheptene  (I)  or  tetrahydroindene  (H),  the  first  of  these  compounds 
being  formed  at  the  lower  temperatures  and  the  second  at  the  higher  temperatures.  Thus,  when  cyclopentadiene 
and  butadiene  were  heated  at  140-145*  for  3.5  hr,  18.3%  vinylbicycloheptene  and  6.2%  tetrahydroindene  were 
formed.  The  yield  of  tetrahydroindene  increased  and  that  of  the  vinylbicycloheptene  decreased  with  an  increase 
in  the  reaction  temperature.  When  the'  reaction  was  carried  out  at  170*  for  5  hr,  6%  vinylbicycloheptene  and  17% 
tetrahydroindene  were  formed,  while  22%  tetrahydroindene  and  traces  of  vinylbicycloheptene  were  formed  in2hr 
at  210*.  The  increase  in  the  yield  of  tetrahydroindene  with  an  increase  in  reaction  temperature  was  undoubtedly 
associated  with  the  property  of  vinylbicycloheptene  of  isomerizing  to  tetrahydroindene  at  elevated  temperatures 
[4]. 

A.  A.  Petrov  [5]  previously  attempted  to  prepare  2- vinylbicyclo-(2,2,l)-5-heptene  by  pyrolysis  of  acetate 
(HI);  however,  they  isolated  only  decomposition  products  of  the  latter- cyclopentadiene  and  butenol  acetates. 

CHCH, 

1 

OCOCHj 

m) 

2-Vinylbicyclo(2,2,l)-5-heptene  reacts  with  phenyl  azide  [triazobenzene].  When  hydrogenated,  it  adds 
two  molecules  of  hydrogen  and  forms  the  known  2-ethylbicyclo(2,2,l)heptane  (IV)  [6]. 

CH=CH2  ZHz 

-> 

fiv) 

We  were  unable  to  hydrogenate  vinylbicycloheptene  selectively  at  one  double  bond'. 

The  characteristic  structural  elements  of  the  molecule  “the  bicycloheptene  system  and  the  vinyl  group— 
-were  readily  apparent  in  the  Raman  spectrum  of  2-vinylbicyclo(2,2,l)-5-heptene.*  The  bicycloheptene  struc¬ 
ture  was  characterized  by  a  line  at  1569  cm*^,  which  is  associated  with  vibration  of  the  double  bond;  in  addition, 
other  lines  characteristic  of  this  structural  element  were  present  [7].  The  presence  of  the  vinyl  group  was  charac¬ 
terized  by  lines  with  frequencies  of  1420,  1638,  3001,  and  3081  cm’^  [7,  8]. 

The  structure  of  the  tetrahydroindene  was  proved  by  hydrogenation;  it  added  two  molecules  of  hydrogen 
with  the  formation  of  hydrindane  (V).  Chromatography  of  the  hydrindane  on  silica  gel  and  distillation  showed 
that  it  was  the  cis- isomer  with  a  trace, about  3%,  of  the  trans- Isomer.  Fractional  distillation  g.ive  cis-hy- 
drindane  of  99.88%  purity.  Catalytic  dehydrogenation  of  the  tetrahydroindene  gave  indane  (VI);  a  crystalline 
derivative  of  the  latter- 1,2,3- tribromoindane  (vn)-was  prepared. 


\/\/ 


(II) 


/\ _ 

UJ 


(V) 


I  n- 


(VI) 


^/\/ 

Br 

<VII) 


Br 

Br 


Vacuum  distillation  of  107  g  of  the  tetrahydroindene  in  a  column  with  an  efficiency  of  100  theoretical 
plates  gave  85.5  g  of  tetrahydroindene  with  a  b.p.  of  72.2*  (40  mm).  Fifteen  fractions  were  collected  during  the 

•We  express  our  sincere  appreciation  to  V.  T.  Aleksanyan  and  Kh.  E.  Sterin  for  their  study  of  the  Raman  spectra, 
which  was  carried  out  at  the  Commission  on  Spectroscopy  of  the  Academy  of  Sciences  of  the  USSR. 
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Fig.  2.  Distillation  of  the 
products  of  the  condensation 
of  cyclopentadiene  with  buta 
diene  (at  66  mm). 


Vi  a  distillation,  and  the  refractive  indices  and  densities  of  these  fractions 

o  tetra  y  rom  ene.  yuera  all  the  same  (n^°D  1.4979,  d^°4  0  9261).  That  the  tetrahydroindene 

was  an  individual  compound  and  did  not  contain  impurities  was 
shown  by  gas- liquid  chromatography*  (the  stationary  phase  was  silicone  oil  of  fire  brick,  the  temperature  was 
150*,  the  nitrogen  rate  was  50  ml/min)  (Fig.  1).  However,  during  an  investigation  of  the  Raman  spectrum  of  the 
tetrahydroindene  it  was  found  that  in  the  region  of  double  bond  valence  vibrations  there  were  not  two  lines,  as 
would  be  expected,  but  four  lines;  1602  (4),  1618  (4),  1637  (4),  and  1661  (3)  cm"^;  all  were  of  approximately 
equal  intensity.  There  were  also  four  lines  in  the  1600-1660  cm'^  region  of  the  infrared  spectrum:  1602  (4.8), 
1617.5  (6.6),  1636.5  (8.2),  and  1655  (7.8)  cm*^  [4].  We  are  still  unable  to  give  an  explanation  of  the  phenom¬ 
enon. 


As  was  mentioned  above,  in  addition  to  codimers,  the  condensation  of  cyclopentadiene  with  butadiene  also 
yielded  products  of  higher  molecular  weight.  By  means  of  fractional  distillation  under  vacuum,  we  were  able  to 
separate  four  hydrocarbons  from  the  complex  mixture" one  of  the  composition  CisHjg,  two  of  the  composition Cj4Hj3. 
and  one  of  the  composition  CisIIy.  The  physical  properties  of  these  compounds  are  presented  in  the  table. 

If  it  is  assumed  that  the  hydrocarbon  with  the  composition  CisHy  was  formed  by  Diels- Alder  reaction  of  two 
molecules  of  butadiene  and  one  molecule  of  cyclopentadiene,  it  could  have  one  of  the  structures  represented  by 
(Vin-XH). 


fVIil)  fK)  (X)  (XI)  (XII) 


Selection  among  these  structures  was  made  on  the  basis  that  the  hydrocarbon  did  not  react  with  phenyl 
azide,  which  is  a  characteristic  of  compounds  having  a  bicycloheptene  double  bond  [thereby  eliminating  struc¬ 
tures  (Vlll)and  (IX)],  and  that  catalytic  dehydrogenation  of  the  carbon  yielded  only  1  mole  of  hydrogen  [elimin¬ 
ating  structures  (XI)  and  (XII)]. 

That  the  structure  of  the  hydrocarbon  corresponded  to  2-vinyl-l,4-endomethylene-l,2,3,4,5,5a,8,8a-octa- 
hydronaphthalene  (X)  was  confirmed  by  an  alternate  synthesis  by  condensation  of  vinylcycloheptene  with  buta¬ 
diene. 


•We  are  indebted  to  B.  A.  Rudenko  of  the  Institute  of  General  Chemistry,  Academy  of  Sciences  of  the  USSR,  few 
carrying  out  these  analyses. 
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Consequently,  the  product  of  the  complete  hydrogenation  of  (X)has  the  structure  (Xni),  and  the  dehydro¬ 
genation  product  has  the  structure  (XIV). 


(xin)  (WV) 


The  structure  of  the  two  hydrocarbons  having  the  composition  Ci4Hi8  was  proved  in  a  similar  manner.  As¬ 
suming  that  each  of  these  was  formed  from  two  molecules  of  cyclopentadiene  and  one  molecule  of  butadiene, 
these  hydrocarbons  could  have  one  of  the  structures  represented  by  (XV-XEX). 


(XVIU') 


(XDC) 


Since  neither  of  the  hydrocarbons  having  the  composition  reacted  with  phenyl  azide,  structures  (XVI- 

XIX)  may  be  eliminated  from  further  consideration.  That  one  of  these  hydrocarbons  (m.p.  36*)  did  in  fact  have 
the  structure  corresponding  to  2,3-(A^-cyclopenteno-3,4)-l,4-endomethylcne-l,2,3,4,5,5a,8,Sa-octahydronaph- 
thalene  (XV)  was  confirmed  by  the  fact  that  we  were  able  to  prepare  it  by  condensation  of  cyclopentadiene  dimer 
with  butadiene. 

(XV' I 


However,  we  were  unable  to  separate  the  second  hydrocarbon  having  the  composition  from  the  prod¬ 

ucts  of  the  alternate  synthesis.  Nevertheless,  it  is  most  probable  that  this  hydrocarbon  also  has  the  structure  (XV) 
and  is  a  stereoisomer  of  the  hydrocarbon  melting  at  36*. 

The  hydrocarbon  having  the  composition  CisHjg  was  shown  to  be  a  trimer  of  cyclopentadiene  (XX). 


fXX) 


Thus,  it  is  apparent  that  all  of  these  high- molecular- w'eight  hydrocarbons,  (X),  (XV),  and  (XX),  were 
formed  by  the  further  interaction  of  the  bicycloheptene  double  bond  in  vinylbicyclohcptene  or  in  dicyclopenta- 
diene  with  butadiene  or  cyclopentadiene.  This  once  more  confirms  the  activity  of  this  bond  when  such  a  com¬ 
pound  is  used  as  a  dienophile.  This  distinguishes  the  bicycloheptene  double  bond  from,  for  example,  the  double 
bond  in  a  six-membered  ring,  in  which,  in  the  case  of  Diels- Alder  condensation  of  butadiene  with  vinylcyclohex- 
ene,  the  mote  reactive  vinyl  double  bond  reacts  [9]. 

EXPERIMENTAL 

Synthesis  of  2-vinylbicyclo(2,2,l)hcptenc  and  tetrahydroindene.  A  mixture  of  81  g  of  freshly  distilled  cy¬ 
clopentadiene  and  70  g  of  butadiene  was  heated  for  3  hr  in  a  rotating  autoclave  at  140-145*.  The  reaction  prod¬ 
uct  (138.1  g)  was  distilled  from  a  Favorskii  flask,  and  a  fraction  boiling  at  40-90*  (66  mm)  was  collected.  This 
fraction  contained  butadiene  dimer,  vinylbicyclohcptene,  artd  tetrahydroindene  (67.8  g).  The  residue  was  com¬ 
posed  of  cyclopentadiene  dimer  and  higher- boiling  products.  The  combined  distillate  from  five  experiments  was 
redistilled  in  a  column  having  an  efficiency  of  40  theoretical  plates. 

The  results  of  the  fractionation  are  shown  in  Fig.  2.  The  second  and  third  fractions  were  butadiene  dimer, 
l-vinyl-3-cyclohexene;  the  fifth  and  sixth  fractions  were  2-vinylbicyclo(2,2,l)-5-hcptene  (18.3*70  yield);  the 
eighth  and  ninth  fractions  were  tetrahydroindene  (6.2*7o  yield).  The  compositions  of  these  hydrocarbons  are  shown 
in  tile  table. 

The  experiments  at  170*  and  210*  were  carried  out  in  a  similar  manner,  with  the  exception  that  dicyclo- 
pentadiene  was  substituted  for  cyclopentadiene  in  the  experiment  at  210*.  Dicyclopentadiene  polymerizes  under 
these  conditions. 
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Composition  of  Hydrocarbons  Obtained  by  Condensation  of  Cyclopentadiene  with  Butadiene  and  Their  Hydrogenation  and  Dehydrogenation  Products 
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Bromine  number:  found,  243.3,  243.7;  calculated,  266.1. 
•Bromine  number:  found,  255.5;  calculated,  266.1. 


•  •  •  •Mol.  wt.:  found,  188.1,  184.8;  calculated,  186.2. 

•  •  «  •  •'The  adduct  with  phenyl  azide  (m.p.  196-197*,  from  ethyl  acetate)  was  converted  by  treatment  with  acetic  acid  to  the  corresponding  ethyl- 
enimine  [15]  (m.p.  169.5-170.5).  Found  ^o;  N,  4.99,  4.89.  Calculated  for  C21H23N,  N,  4.84.  For  literature  values  for  (XXII)  see  reference  [16]. . 


Hydrogenation  of  the  vinylbicycloheptene  and  tetrahydroindene  was  carried  out  in  a  bomb  at  ordinary  tem¬ 
peratures  in  the  presence  of  platinum  black.  Dehydrogenation  of  the  tetrahydroindene  was  carried  out  at  300-310* 
in  the  presence  of  platinized  carbon  (IS'^oPt).  The  compositions  of  the  hydrogenation  and  dehydrogenation  prod¬ 
ucts  are  presented  in  the  table. 

Tribromoindanc  (VII)  was  prepared  from  indane  by  the  method  of  Meyer,  and  had  an  m.p.  of  134*  (from 
alcohol).  The  literature  [13]  reports  an  m.p.  of  134*  for  (VII).  A  mixed  sample  showed  no  depression  of  the  melt¬ 
ing  point. 

Found  %;  Br  67.70,  67.50.  C  9ll7Br3.  Calculated  Br  67.60. 

The  interaction  of  1  g  of  vinylbicycloheptene  and  2  g  of  phenyl  azide  over  a  period  of  22  days  gave  a 
thick,  viscous  mass,  but  no  crystallization  was  detected.  The  excess  phenyl  azide  was  distilled  to  separate  the 
addition  product,  and  the  residue  was  analyzed. 

Found  C  74.82,  74.55;  H  7.26.  7.23;  N  17.77,  17.82.  C15H17N3.  Calculated  C  75.27;  H  7.16; 

N  17.56. 

The  resulting  oil  was  allowed  to  stand  for  two  years,  but  it  did  not  crystallize.  We  may  also  remark  that 
it  was  not  possible  to  prepare  a  crystalline  adduct  from  5-ethylbicyclo(2,2,l)-2-heptene  and  phenyl  azide. 

Investigation  of  the  composition  of  the  products  boiling  above  160*.  The  combined  residues  (total  weight 
616.2  g)  boiling  above  tetrahydroindene  (160“)  obtained  in  different  experiments  were  distilled  from  a  Favorskii 
flask,  and  the  distillate  [b.p.  63*  (21  mm) -150*  (6  mm),  435.7  g]  was  distilled  in  a  column  of  20  theoretical 
plates.  Dicyclopcntadienc  and  four  hydrocarbons  were  separated  in  this  distillation;  the  properties  of  these  hydro¬ 
carbons  are  presented  in  the  table. 

2-Ethyl-l,4-endomethylenedecalin  (Xni)  was  obtained  by  hydrogenation  of  (X)  (3.0  g)  in  the  cold  in  the 
presence  of  palladium  black. 

2-Ethyl-l,4-endomethylene-l,2,3.4-tctrahydronaphthalene  (XIV)  was  obtained  by  dehydrogenation  of  (X) 
(5.0  g)  by  passing  it  four  times  over  platinized  carbon  at  300-305*. 

Syiithcsis  of  2-vinyl-l,4-endomcthylcne-l,2,3,4,5,5a,8,8a-octahydronaphthalene  (X).  A  mixture  of  28  g 
of  2-vinylbicyclo(2,2,l)-5-heptenc  and  16  g  of  butadiene  was  heated  in  an  autoclave  at  145-155*  for  4.5  hr. 
Distillation  of  the  reaction  product  gave  21.7  g  of  a  mixture  of  vinylbicycloheptene  and  tetrahydroindene*  and 
3.8  g  (10*70)  of  2- vinyl-1, 4-endomethyleneoctahydronaphthalene. 

B.p.  76-77*  (1.5  mm),  n^^D  1.5140,  d”^  0.9617,  MRo  54.53;  calc.  54.70. 

Found  loi  c  89.25,  89.34;  H  10.40,  10.31.  Cjallig.  Calculated  %;  C  89.58;  H  10.39. 

The  hydrocarbon  did  not  react  with  phenyl  azide. 

Synthesis  of  2,3-(  A*’-cyclopenteno-3,4)-l,4-endomethylene-l,2,3,4,5,5a,8,8a-octahydronaphthalene  (XV). 

A  mixture  of  56.0  g  of  cyclopentadiene  dimer  with  an  m.p.  of  30*,  22  g  of  butadiene,  and  28  ml  of  benzene  was 
heated  in  an  autoclave  at  150*  for  4  hr.  A  total  of  27.2  g  of  dicyclopentadiene  was  recovered  by  distillation  of 
the  reaction  product,  and  8.1  g  of  condensation  product  was  obtained;  b.p.  86-89*  (1.5  mm),  n^®D  1.5363.  The 
hydrocarbon  partially  crystallized  when  stored  in  a  refrigerator.  The  solid  part  (3.3  g)  had  an  m.p.  of  35.5-36.5* 
(from  alcohol).  A  mixture  of  this  substance  with  cyclopenteno-l,4-endomethyleneoctahydronaphthalene  obtained 
from  the  products  of  the  condensation  of  cyclopentadiene  with  butadiene  melted  without  depression  of  the  melting 
point.  The  hydrocarbon  did  not  react  with  phenyl  azide.  The  yield  was  4.5*70,  calculated  on  the  dicyclopenta¬ 
diene  charged. 

Found  C  90.11,  90.20;  H  9.70.  9.71.  C14H1,.  Calculated  ^o;  C  90.28;  H  9.72. 

Attempts  to  separate  an  individual  compound  from  the  liquid  part  of  the  condensation  product  were  unsuc¬ 
cessful. 


•The  tetrahydroindene  was  formed  by  isomerization  of  (I)  [4]. 
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SUMMARY 


1.  The  condensation  of  cyclopentadiene  with  butadiene  and  the  resulting  codimers- 2- vinylbicyclo(2,2,l)- 
5-heptene  and  tetrahydroindcne-nave  been  studied. 

2.  It  was  shown  that,  depending  on  the  temperature  of  the  experiment,  the  condensation  could  be  directed 
predominantly  toward  the  formation  of  2- vinylbicyclo(2,2,l)-5-heptene  or  of  tetrahydroindene. 

3.  A  number  of  products  of  higher  molecular  weight  were  separated,  and  the  structures  of  2-vinyl-l,4- 
endomethyleneoctahydronaphthalene  and  2,3*(  A*-cyclopenteno-3,4)-l,4-endomethyleneoctahydronaphthalene 
were  proved. 

4.  Judging  from  the  composition  of  the  high-molccular-weight  condensation  products,  the  double  bond  in 
the  bicyclo(2,2,l)heptene  structure  is  more  active  under  the  conditions  of  the  Diels- Alder  synthesis  than  is  the 
vinyl  double  bond  or  the  double  bond  in  a  six-membered  or  five-membered  ring. 
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CONDENSATION  OF  C  YC  LO  PENT  A  DIEN  E  WITH  ALIPHATIC  DIENES 


n.  THE  REACTION  OF  CYCLOPENTADIENE  WITH  ISOPRENE 
AND  2,3- DIMETHYL- 1,3- BUTADIENE 

A.  F.  Plat^  and  N.  A.  Belikova 

Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 

Translated  from  Zhumal  Obshchei  Khimii,  Vol.  30,  No.  12,  pp.  3953-3959, 

December,  i960 

Original  article  submitted  January  14,  1960 

In  a  continuation  of  our  previous  investigation  [1],  we  have  studied  the  condensation  of  cyclopentadiene 
with  isoprene  and  2,3-dimethyl-l,3'pentadiene. 

The  condensation  of  cyclopentadiene  with  isoprene  is  mentioned  in  one  American  patent  [2],  in  which  It 
is  stated  that  the  reaction  proceeds  at  room  temperature  with  the  formation  of  2-isopropenylbicyclo(2,2,l)-5- 
heptene  (I),  while  5-methyl-4,9,7,8-tetrahydroindene  (H)  is  formed  at  178-233*. 


However,  neither  of  the  codimers  was  isolated,  and  their  concentration  in  the  reaction  mixture  was  merely 
estimated  by  means  of  i.r.  spectroscopy. 

In  an  attempt  to  repeat  the  work  described  in  the  patent,  it  was  found  that  at  room  temperature  only  an 
insignificant  amount  of  condensation  of  cyclopentadiene  with  isoprene  had  occurred  after  3.5  months,  and  the 
isopropenylbicycloheptene  content  of  the  reaction  mixture  did  not  exceed  2^70,  which  made  it  impossible  to  iso¬ 
late.  When  the  condensation  of  cyclopentadiene  with  isoprene  was  canied  out  at  140-145*,  i.e.,  under  condi¬ 
tions  optimum  for  the  preparation  of  2-vinylbicycIo-5-heptene  [1],  we  were  able  to  separate  only  7‘5o2-isopro- 
penylbicyclo(2,2,l)-5-heptene  from  the  reaction  products,  and  the  second  codimer- methyltetrahydroindene~ 
-was  formed  in  extremely  small  amounts.  With  a  further  increase  in  the  condensation  temperature  to  185-200*, 
the  major  product  of  the  reaction  was  5-methyltetrahydroindene,  the  yield  of  which  reached  23*70,  and  only  traces 
of  isopropenylbicycloheptene  were  formed. 

Thus,  in  the  present  case,  as  in  the  case  of  the  condensation  of  cyclopentadiene  with  butadiene,  the  reac¬ 
tion  can  take  place  with  the  predominant  formation  of  either  of  the  codimers;  under  milder  conditions,  the  cy¬ 
clopentadiene  acts  as  the  diene  component,  while  butadiene  or  isoprene  acts  as  the  diene  under  more  vigorous 
conditions. 
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TABLE  1 


Physical  Properties  of  Codimers  of  Cyclopentadiene  with  Buta¬ 
diene,  Isoprene,  and  2,3-Dimethylbutadiene 


No. 

[  Hydrocarbon 

j 

1 

f  n 
\/\/ 

m 

ir.(»o 

1.4979 

0.9261 

1 

2 

181 

1.4931 

0.9099 

3 

1  n 

199 

1.49.53 

0.9080 

4 

/|\_cn=r.M, 

ll^’l 

\\/ 

140 

1.4808 

0.8884 

5 

.CH, 

c'm.  '<="■ 

\l/ 

169 

1.4862 

1 

0.8999 

The  presence  of  two  double  bonds  in  compound  (I)- one  in  the  isopropenyl  group  and  one  in  the  bicyclo- 
heptene  system- was  confirmed  by  Raman  spectroscopy*  (lines  due  to  the  double  bonds  were  1644  cm  ^  and 
1572  cm’^,  respectively)  [3].  It  was  also  possible  to  confirm  this  structure  by  selective  hydrogenation,  since  iso- 
propenylbicycloheptene,  in  contrast  to  vinylbicycloheptene,  adds  only  one  mole  of  hydrogen;  the  more  active 
disubstituted  double  bond  in  the  bicycloheptene  system  hydrogenates  in  preference  to  the  disubstituted  double 
bond  in  the  isopropenyl  group. 


(Ill) 


Had  the  condensation  of  cyclopentadiene  with  isoprene  taken  place  in  a  manner  such  that  2- methyl- 2- 
vinylbicyclo(2,2,l)-2-heptene  (IV)  was  formed  iitstead  of  isopropenylbicycloheptane,  then  by  analogy  to  vinyl¬ 
bicycloheptene,  selective  hydrogenation  would  not  have  occurred. 


+ 


,/C  =  C 

UNj.  - 


The  structure  of  the  second  codimer- 5- mcthyltetrahydroindene- was  confirmed  by  dehydrogenation  to  5- 
methylindane  (V)  and  by  hydrogenation  to  5-methylhydrindane  (VI). 


-H, 


/\ _ 


CM., 


(V) 


II  -^2H. 


(ID 


CH: 


_ I 

/\/\/ 

*  (VI) 


•The  Raman  study  was  carried  out  by  V.  T.  Aleksanyan  and  Kh.  E.  Sterin  in  the  laboratories  of  the  Commission 
for  Spectroscopy,  Academy  of  Sciences  of  the  USSR,  for  which  we  express  our  sincere  appreciation. 
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As  in  the  case  of  the  Raman  spectrum  of  tetrahydroindene  [1],  the  spectrum  of  5-methyltetrahydroindene 
contained  four,  rather  than  two,  lines  in  the  region  of  double  bond  valence  vibrations:  1603  (5),  1624  (4), 

1665  (4),  and  1683  (3)  cm’^ 

It  should  be  mentioned  that  separation  of  cyclopentadiene~  isoprene  codimers  as  individual  compounds  is 
more  difficult  than  separation  of  cyclopentadiene~  butadiene  copolymers,  since  they  have  ten  carbon  atoms  in 
the  molecule,  as  do  also  isoprene  dimers  (the  number  of  which  can  be  as  high  as  six)  and  cyclopentadiene dimers. 
Separation  was  accomplished  by  fractional  distillation  in  a  column  of  100  theoretical  plates. 

When  2,3- dimethyl- 1,3- butadiene  was  used  as  the  comonomer,  it  was  found  that  it  underwent  practically 
no  condensation  with  cyclopentadiene  under  mild  conditions  (145-150*),  thereby  contrasting  with  butadiene  and 
isoprene.  Under  these  conditions,  2,3-dimethylbutadiene  polymerized  slightly,  but  a  large  part  of  it  did  not 
react  and  could  be  recovered  unchanged  (about  OO^o);  in  this  case,  the  major  reaction  of  the  cyclopentadiene  was 
polymerization. 

Thus,  dimethylbutadiene,  which  has  two  substituted  double  bonds,  is  only  slightly  active  as  a  dienophile. 

When  the  reaction  was  carried  out  under  more  vigorous  conditions,  195-205*,  2,3- dimethyl- 1,3- butadiene 
and  cyclopentadiene  gave  5,6-dimethyl-4,9,7,8-tetrahydroindene  (VII)  in  a  yield  of  \b°}o.  In  this  case,  the  dl* 
methylbutadiene  acted  as  a  diene,  while  the  cyclopentadiene  acted  as  the  dienophile. 


_ 

I  ^1  1 
\/ 


1 

\/\/ 

(VII) 


The  structure  of  the  dimethyltetrahydromdene  was  confirmed  by  the  following  considerations.  According 
to  the  analytical  data,  the  product  was  a  hydrocarbon  having  the  composition  CuHig,  and,  therefore,  was  a  co- 

TV 

dimer  of  cyclopentadiene  and  dimethylbutadiene.  Hence,  it  could  have  the  structure  (f^C  '^Cm,  .  2- methyl- 2- 


CMj 

isopropenylbicyclo-5-heptene,  or  it  could  be  dimethyltetrahydromdene  (VII).  Since  the  Raman  spectrum  of  this 
hydrocarbon  contained  no  lines  characteristic  of  the  vibration  of  a  bicycloheptene  double  bond  (about  1570  cm"^) 
and  also  judging  by  the  synthesis  conditions  and  by  its  physical  constants  (the  boiling  point, n^'^D  and  d^4  for  tetra¬ 
hydroindene  and  its  homologs  are  significantly  higher  than  the  corresponding  constants  for  2- vihylbicyclo-5-hep- 
tene  and  its  homologs,  see  Table  1),  the  hydrocarbon  was  5,6-dimethyl-4,9,7,8-tetrahydroindene. 

Hydrogenation  of  the  dimcthyltetrahydroindene  gave  5,6- dime thylhydrindane  (VDI) 


OH 


"\/\ 


\/\. 


CHa^ 


1 1  I 


(VIII) 


EXPERIMENTAL 

The  physical  properties  and  analyses  of  all  of  the  compounds  prepared  in  the  present  work  are  shown  in 
Table  2. 

Condensation  of  cyclopentadiene  with  isoprene.  a)  To  a  250-ml  autoclave  were  charged  90.4  g  of  cyclo¬ 
pentadiene  and  92.0  g  of  isoprene,  and  the  mixture  was  heated  at  140-145*  for  3.5  hr.  The  reaction  product 
(from  five  similar  experiments)  was  distilled,  first  from  a  Favorskii  flask  (the  fraction  boiling  at  60-66*  at  21  mm) 
was  collected),  and  then  from  a  column  with  an  efficiency  of  30  theoretical  plates  (the  fraction  boiling  at  55- 
66.8*  at  20  mm  with  an  n^D  of  from  1.4820  to  1.4988  was  collected).  The  resulting  distillate  (101.1  g)  was  then 
distilled  in  a  column  of  100  theoretical  plates.  The  distillation  curve  is  shown  in  Fig.  1.  Fractions  4,  5,  and  6 
were  isoprene  dimer;  fractions  10-23  were  2-isopropenylbicyclo(2,2,l)-5-heptene  (I).  The  yield  of  the  latter  was 
6.8^70,  calculated  on  the  isoprene  charged. 
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Fig.  1.  Distillation  curve  for  2-isopropenyl- 
bicyclo(2,2,l)-5-heptene  (pressure,  21  mm). 
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Fig.  2.  Distillation  curve  for  5-methyl- 
tetrahydroindenc  (pressure,  21  mm). 
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Fig.  3.  Distillation  curve  for  5,6- dime thyl- 
tetrahydroindene  (pressure,  24  mm). 


b)  To  a  250- ml  autoclave  were  charged  89  g  of  cyclo- 
pentadiene  and  91  g  of  isoprene,  and  the  mixture  was  heated  at 
185-200*  for  2  hr.  The  reaction  product  was  distilled  first  from 
a  Favorskii  flask,  and  the  fraction  boiling  at  70-78*  (22  mm) 
was  collected.  This  distillate  (from  two  experiments,  204.6  g) 
was  then  distilled  in  a  column  of  100  theoretical  plates.  The 
distillation  curve  is  presented  in  Fig.  2. 

Fractions  3  and  4  were  cyclopentadiene  dimer,  fractions 
8-12  were  isoprene  dimer  (a  mLxture  of  m-  and  p-methyliso- 
propenylcyclohexene ),  and  fractions  13-23  were  intermediate 
cuts  prior  to  distillation  of  5-methyltetrahydroindene.  Frac¬ 
tions  24-32  were  5-methyltetrahydroindene;  tlie  yield  was  23‘’/o 
calculated  on  the  isoprene  charged.  The  yields  of  cyclopenta¬ 
diene  dimer  and  of  the  mixture  of  m-  and  p-methylisopropenyl- 
cyclohexene  were,  respectively,  7  and  8°lo. 


tetrahydroindene  (pressure,  24  mm).  Complete  hydrogenation  of  5-methyUetrahydroindene 

and  5,6-dimethyltei;rahydroindone  was  carried  out  iii  alcohol 
solution  at  ordinary  temperatures  in  a  bomb;  the  catalyst  was  platinum  black.  The  resulting  substance  (VI)  was 
chromatographed  on  silica  gel  and  then  distilled  in  a  column;  substance  (VII)  was  distilled  from  a  Favorskii  flask. 

Dehydrogenation  of  5-methyltetrahydroindene  (32.3  g)  was  carried  out  in  a  tubular  reactor  at  310-315*  and 


at  a  space  rate  of  0.17;  the  catalyst  was  platinized  carbon  (15%  Pt).  The  catalyzate  was  distilled  in  a  column, 
and  23.4  g  of  5-methylindane  was  obtained. 

Condensation  of  cyclopentadiene  with  2,3-dimethylbutadiene.  The  2,3-dimethylbutadiene  (b.p.  68.5- 


69.0*)  was  prepared  from  pinacol  [7]. 

To  a  250  ml  autoclave  were  charged  57  g  of  cyclopentadiene,  71  g  of  dimethylbutadiene,  and  0.1  g  of  hy- 
droquinone,  and  the  mixture  was  heated  at  195-205*  for  2  hr.  Upon  distillation  of  the  product,  ll%of  the  origi¬ 
nal  dimethylbutadiene  was  recovered  unchanged.  The  resulting  distillate,  boiling  range  70-120*  (20  mm)  was 
redistilled  in  a  column  having  an  efficiency  of  30  theoretical  plates.  The  distillation  curve  is  presented  in  Fig.  3. 

Fractions  4-8  were  5,6-dimethyltetrahydroindene  (VI);  the  yield  was  15%,  calculated  on  the  2,3-dimethyl¬ 


butadiene  reacted.  Fractions  13-15  were  dimethylbutadiene  dimer 


\/\/^\c 

11  l\c  . 
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TABLE  2.  Properties  of  Hydrocarbons  Obtained  from  Condensation  of  Cyclopentadiene  with  Isoprene  and  2,3-Dimethyl-l,  3-butadiene  and  the  Pro¬ 
ducts  of  Hydrogenation  and  Dehydrogenation 
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Empirical 


SUMMARY 


1.  The  Diels-Alder  condensation  of  cyclopentadiene  with  isoprene  and  the  resulting  codimers- 2- isopro- 
pcnylbicyclo(2,2,l)-6-heptene  and  5- methyl- 4, 9,7,8- tetrahydroindene  were  studied. 

2.  It  was  found  that,  depending  on  the  reaction  temperature,  the  condensation  of  cyclopentadiene  with 
isoprene  can  take  place  with  the  formation  of  predominantly  either  2-isopropenylbicyclo-5-heptene  or  5-methyl- 
te  trail  yd  ro  inde  ne  • 

3.  2,3-Dimethylbutadiene  reacts  with  cyclopentadiene  only  as  a  diene  under  comparatively  mild  condi¬ 
tions  (200*)  with  the  formation  of  5,6-dimethyl-4,9,7,8-tetrahydroindene. 
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It  has  previously  been  established  that  the  action  of  nucleophilic  reagents  on  l.l.l-trichloroalkanes, 
RCH2CCI3,  docs  not  result  in  replacement  of  the  chlorine  atoms  of  the  trichloromethyl  group;  rather,  elimination 
of  hydrogen  chloride  takes  place,  to  a  greater  or  lesser  extent  depending  on  the  basicity  of  the  reagent  and  on  the 
reaction  conditions,  with  the  formation  of  1,1-dichloro-l-alkenes,  which,  in  turn,  can  undergo  further  reaction. 

In  this  connection,  it  seemed  of  interest  to  study  the  action  of  sodium  thiophenolate  on  l.l.l-trichloroalkanes. 
for  sodium  tliiophenolatc  is  a  highly  nucleophilic  reagent  with  a  low  basicity  [3].  The  action  of  sodium  thiophe¬ 
nolate  on  1.1.1- trichloroethane  has  previously  been  investigated  [4],  and  it  was  reported  that  CIl3C(SC6H5)3  is 
formed.  However,  it  was  later  shown  [6J  that  the  compound  formed  in  this  reaction  is  actually  C6II5SCH2CII2SC6H5. 
Since  this  compound  could  be  formed  from  1,2-dichloroethane  present  as  an  impurity  in  the  1.1,1- trichloroeth¬ 
ane  [6],  the  reaction  was  carried  out  with  pure  1,1,1- trichloroethane  and  sodium  phenolate  in  an  excess  of  aque¬ 
ous  base,  and  it  was  found  that  the  only  reaction  products  are  Cg1i5SC1I2CII2SC6H5  and  (C6H5)2S2.  The  present 
work  was  uevoted  to  a  study  of  the  action  of  sodium  thiophenolate  on  1,1,1-trichloropcntano.  and  it  was  shown 
that  tliis  reaction  leads  to  a  more  complex  mixture  of  products  than  that  described  previously,  The  1,1,1-triqhlo- 
ropentane  used  in  this  work  was  prepared  by  telomerization  of  ethylene  and  chloroform  [7],  and  it  contained  no 
impurities.  No  reaction  was  detected  when  an  alcoholic  solution  of  1,1,1- trichloropentane  and  sodium  thiophe¬ 
nolate  (in  a  mole  ratio  of  1  :  4)  was  heated  at  the  boiling  point  of  the  alcohol  for  a  number  of  hours.  When  these 
two  reagents  were  heated  in  an  autoclave  at  165-175’  for  15  hr,  a  mixture  of  products  containing  sulfur  but  no 
chlorine  was  obtained  in  addition  to  a  large  amount  of  diphenyl  sulfide.  The  amount  of  diphenyl  sulfide  obtained 
corresponded  approximately  to  the  following  equation: 

0:,ll7CII..CCl3  f  2C;Gll5SNa  —  (C,;n5)..S2. 

Three  compounds  containing  one,  two,  and  three  thiophenol  groups,  respectively,  were  separated  from  the 
mixture  of  products.  The  compound  containing  one  thiophenol  group  had  the  composition  C11H14S,  and.  conse¬ 
quently,  it  could  be  C3H7CH  =CHSCgH5  or  the  isomeric  C3H7C(SCgH5)  =  CH2.  When  this  compound  was  heated  in 
a  mixture  of  hydrochloric  and  acetic  acids,  thiophenol  was  produced,  and  treatment  with  2,4-dinitrophcnylhydra- 
zine  in  an  acid  medium  gave  n- valeraldehyde  2,4-dinitrophenylhydrazone  and  thiophenol.  This  proves  that  the 
structure  of  the  compound  is  C3H7CH  =  CHSCgHs.  The  compound  containing  two  thiophenol  groups  had  the  com¬ 
position  C17H20S2  (when  oxidized,  it  gave  a  disulfone  having  the  composition  C27H2o04S2),  and  it  could  be  one  of 
three  compounds;  C3117CH(SCgH5)CH2SCgH5,  C3H7CH2CH(SCgH5)2,  or  C3H7C(SCgH5)2CH3.  This  compound  appar¬ 
ently  was  C3H7CH(SCgH5)CH2SC6H5.  since  it  was  not  hydrolyzed  by  a  boiling  mixture  of  hydrochloric  and  acetic 
acids,  and  no  hydrazone  was  formed  when  it  was  subjected  to  the  action  of  2,4-dinitrophenylhydrazine  in  acid 
medium;  hence,  the  last  two  compounds  may  be  eliminated.  The  third  substance,  which  contained  three  thio¬ 
phenol  groups,  had  the  composition  C23H24S3.  On  the  basis  of  this  composition,  it  could  be  one  of  three  possible 
compounds: 

C3II  :CII.C(SC.H ,)3,  C3H ,CH{SC,11  s)CH(SC.ll  5),.  C3II ,C(SC,H5),Cn.SC,U,. 
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when  heated  with  a  mixture  of  hydrochloric  and  acetic  acids,  it  hydrolyzed  with  the  formation  of  thiophenol and 
a  compound  of  the  composition  CjiHi^OS.  which  formed  a  2,4-dinitrophenylhydrazone.  This  same  2,4-dinitro- 
phenylhydrazone  was  formed  directly  by  the  treatment  of  the  compound  C23H24S3  with  2,4-dinitrophenylhydra- 
zine  in  an  acid  medium.  The  formation  of  a  carbonyl  compound  during  hydrolysis  eliminates  the  compound 
C3ll7CH2C(SC6H5)3  from  consideration,  since  hydrolysis  of  a  compound  having  such  a  structure  should  yield  thio¬ 
phenol  and  valeraldehyde.  That  the  carbonyl  compound  of  the  composition  C11H14OS  was  l-phenylmercapto-2- 
pentanone  was  proved  by  direct  synthesis  from  l-chloro-2-pentanone  and  sodium  thiophenolate: 

ClljtCIlXHaCOCIiaCl  }-  CcIisSNa  — ►  r,ll:,Cll.,CIl2COCll2SC6H5. 

Consequently,  on  the  basis  of  tnese  data,  the  compound  was  C3H7C(SC6H5)2CH2SC6H5.  Therefore,  the  reac¬ 
tion  of  1,1,1-trichloropontanc  with  sodium  thiophenolate  takes  place  according  to: 

(;3ll7(:il2CCl3  -f  CcllsSNn  — >  C:,IlTCn5=CIISCuH5-f 
+  C3ll;CH{SCell5)Cll2SCcIl5  +  C3ll7C(SCoil5)2Cll2SCcH5+  (CoH5)2S2. 

These  results  show  that  this  reaction  docs  not  proceed  witn  replacement  of  the  chlorine  atoms  in  the  CCI3 
group  by  thiophenol  groups;  rather,  the  CCI3  group  is  reduced  (the  sodium  thiophenolate  is  concurrently  oxidized 
to  diphenyl  sulfide),  and  this  is  followed  by  further  conversion  of  the  reduction  products.  It  is  difficult  to  say,  on 
the  basis  of  the  structures  of  the  products  obtained,  just  which  compound  is  formed  by  direct  reduction  of  the 

1.1.1-  trichloropentane  during  the  course  of  the  reaction.  It  might  be  assumed  that  the  1-phenylmercapto-l-pen- 
tene  is  formed  from  1-chloro-l-pentene  or  1-pentene,  and  the  same  might  be  said  of  the  l,2-bis(phenylmercap- 
tojpentane.  Hence,  there  is  another  possible  course  of  the  reaction,  namely,  the  1,1,1- trichloropentane  is  dehy- 
drochlorinated  by  the  sodium  thiophenolate  to  1,1-dichloro-l-pentene.  which  undergoes  further  reduction  to  1- 
pentene*  or  1-chloro  l-pentene,  and  these  subsequently  react  with  more  sodium  thiophenolate  to  give  the  prod¬ 
ucts  indicated.  Therefore,  the  reaction  of  1,1-dichloro-l-pentene  with  sodium  thiophenolate  was  studied.  When 

1.1- dichloro-l-pcntone  was  heated  with  an  excess  of  sodium  thiophenolate  in  alcohol  solution  at  160-170*,  a 
small  amount  of  diphenyl  sulfide  and  two  sulfur- containing  compounds  were  formed.  One  of  the  latter  two  com¬ 
pounds  proved  to  be  C3II7CH  =  CHSCgHs  (only  a  small  amount  was  obtained).  v>rhile  the  other,  which  was  the  ma¬ 
jor  product  of  the  reaction,  was  C3H7C(SC6H5)  =  CHSCgHs.  Thus,  the  reaction  of  1,1-dichloro-l-pentene  with 
sodium  thiophenolate  proceeds  according  to; 


C3lL;(:il=CCl2-f  CoMsSNa  — ►  C3ll7CII=CnSC6H5 

-1-  C3ii7c(sc«n5)-cnsc«n5-t-  (06115)282. 

The  structure  of  the  phenylpentenyl  sulfide  was  proved  by  its  reaction  with  2,4  dinitrophenylhydrazine  in 
acid  medium,  which  yielded  valeraldehyde  2,4-dinitrophenylhydrazone  and  thiophenol.  The  structure  of  the 

1,2- bis(phenylmercapto)- 1-pentene  was  proved  by  hydrolysis  with  a  mixture  of  hydrochloric  and  acetic  acids  to 
l-phenylmercapto-2-pentanone  and  thiophenol. 

C3ll7C(SC6n5)=CIISCcH5  C3H7COCH2SC6n5-f-CcH5SH. 

This  result  indicates  that  the  interaction  of  1,1,1- trichloropentane  with  thiophenol  does  not  take  place  by 
dchydrochlorination  to  1,1-dichloro-l-pentenc  (if  this  reaction  docs  occur,  it  does  so  to  an  insignificant  extent) 
and  that  the  first  stage  of  the  basic  reaction  is  reduction  of  the  trichloromethyl  group.  However,  the  mechanism 
is  still  obscure,  and  further  study  is  necessary.  It  may  be  remarked  that  the  reaction  studied  in  the  present  work, 
the  interaction  of  1,1-dichloro-l-pentene  with  sodium  thiophenolate,  proceeds  somewhat  differently  than  the 
reaction  of  1.1-dichloro- 1-hexene  [9]  and  1.1-dichloro- 1-pentene  with  sodium  ethylmercaptide[2],  reactions  which 
we  studied  previously.  Reduction  of  the  1,1-dichlofo-l-alkene  and  formation  of  productshaving  the  structure  RCH  = 

=  CHSC2H5  were  not  observed  in  the  latter  case. 

EXPERIMENTAL 

The  action  of  sodium  thiophenolate  on  1,1,1- trichloropentane.  A  solution  of  35  g  of  1,1,1- trichloropen¬ 
tane  and  the  sodium  thiophenolate  (prepared  from  90  g  of  thiophenol)  in  250  ml  of  alcohol  was  heated  in  an 

•According  to  the  data  reported  in  reference  [8],  the  interaction  of  1,1-dibromo -1-propene  with  sodium  ethyl- 
mercaptide  leads  to  methylacetylene. 
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autoclave  at  165-175*  for  15  hr.  When  the  reaction  was  complete,  water  was  added,  and  the  reaction  products 
were  extracted  with  chloroform.  The  chloroform  extract  was  dried  over  potassium  carbonate  and  the  chloroform 
was  distilled;  the  residue  crystallized  on  cooling.  The  crystals  (diphenyl  sulfide)  were  separated  by  filtration  and 
washed  on  the  filter  with  cold  petroleum  ether.  The  filtrate  was  distilled  under  vacuum.  Four  fractions  were 
collected:  first  fraction,  boiling  range  90-130*  (  1  mm),  9.2  g;  second  fraction,  boiling  range  130-160*  (1  mm), 
11.9  g;  third  fraction,  boiling  range  lGO-210*  (1  mm),  18.4  g;  fourth  fraction,  boiling  range  210-240*  (1  mm),8g. 

A  second  vacuum  distillation  of  the  first  fraction  yielded  7.8  g  of  1-phenylmercapto-l-pentene. 

B.p.  94.5-95.5*  (  1  mm),  n^®D  1.5648,  d*®^  1.0051. 

Found  <75  C  74.14.  73.91;  H  7.66.  7.74;  S  17.78.  17.60.  CjiH^S.  Calculated <70;  C  74.15;  H  7.86;  S  17.97. 

Thiophenol  was  obtained  by  heating  a  solution  of  the  1-phenylmercapto-l-pentene  in  a  mixture  of  hydro¬ 
chloric  and  acetic  acids.  The  reaction  of  an  alcohol  solution  of  the  compound  with  2,4-dinitrophcnylhydrazine 
in  the  presence  of  sulfuric  acid  gave  valeraldehyde  thiophenol  and  2,4-dinitrophenylhydrazone  with  an  m.p.  of 
106-107*  (from  alcohol);  a  mixture  of  this  hydrazone  with  a  known  sample  of  valeraldehyde  2,4-dinitrophenyl¬ 
hydrazone  showed  no  depression  of  the  melting  point.  Oxidation  of  the  1-phenylmercapto-l-pentene  with  hydro¬ 
gen  peroxide  in  acetic  acid  gave  1-phenylsulfonyl-l-pentene.  m.p.  97-98* (from  petroleum  ether). 

Found  %:  C  62.62,  62.54;  H  6.57.  6.56;  S  15.00,  14.90.  C11H14O2S.  Calculated  ‘7o:  C  62.86;  H  6.66;S  15.23. 

The  second  fraction  was  diphenyl  sulfide.  The  total  amount  of  diphenyl  sulfide  separated  .after  the  reac¬ 
tion  was  35.1  g. 

The  third  fraction  was  treated  as  follows:  In  order  to  separate  any  unsaturated  sulfides  which  might  be 
present,  the  fraction  was  refluxed  for  5  hr  with  a  mixture  of  hydrochloric  and  acetic  acids.  Since  no  thiophenol 
was  formed,  zinc  dust  was  added  to  the  solution  to  reduce  any  traces  of  diphenyl  sulfide  to  thiophenol.  Subse¬ 
quent  treatment  following  these  operations  yielded  11.6  g  of  l,2-bis(phenylmcrcapto)pentane. 

B.p.  168- 170* (1  mm).  n^°D  1.5994,  1.0822. 

Found  %:  C  70.56.  70.76;  H  6.94.  7. 02;  S  22.21,  22.01.  CjyHjoSj.  Calculated  %:  C  70.79;  H  6.91; S  22.22. 

Oxidation  of  this  compound  with  hydrogen  peroxide  in  acetic  acid  gave  l,2-bis(phenylsulfoiiyl)pcnta:ie, 
m.p.  99-100*  (from  alcohol). 

,  Found  %  C  57.78,  57.89;  H  5.70,  5.60;  S  17.99.  18.03.  C17H20O4S2.  Calculated  %:  C  57.95;  H  5.68; 

S  18.  18. 

A  second  distillation  of  the  fourth  fraction  separated  5.4  g  of  l,2,2-tri(phenylmercapto)pentane,  b.p.  231- 
233*  (1.5  mm).  d‘®4  1.1490. 

Found  %  C  69.89,  69.77;  H  5.92,  6,01;  S  23.91,  23.83.  C23H24S3.  Calculated  °!o:  C  69.94;  H  6.06;  S  24.24. 

The  action  of  2,4-dinitrophenylhydrazine  on  an  alcohol  solution  of  the  compound  in  the  presence  of  sulfu¬ 
ric  acid  lead  to  thiophenol  and  l-phenylmetcapto-2-pentanone  2,4-dinitrophenylhydrazone,  m.p.  104-105*  (from 
alcohol). 

Found  %:  N  15.12,  14.93.  C17H18O4N4S.  Calculated  %:  N  14.97. 

When  a  solution  of  1,2,2- tri(phenylmercapto)pentane  in  a  mixture  of  hydrochloric  and  acetic  acids  was 
heated  for  3  hr,  thiophenol  was  obtained  along  with  1  phenylmercapto-2-pentanone,  b.p.  116-117*  (2  mm),n^®D 
1.5580,  d^°4  1.0761. 

Found  %:  C  67.83.  68.06;  H  7.12.  7.16;  S  17.04,  16.94.  C11H14OS.  Calculated  <1o:  C  68.04;  H  7.21; S  16.49, 

This  ketone  gave  a  2.4-dinitrophenylhydrazone  with  an  m.p.  of  104-105*  (from  alcohol). 

1- Phenylmercapto-  2-  pentanone.  To  a  solution  of  sodium  thiophcnolate  (from  7  g  of  thiophenol)  in  alcohol 
was  added  6  g  of  l-chloro-2-pentanone.  The  reaction  was  exothermic.  The  solution  was  heated  for  15  min, 
poured  into  water,  and  extracted  with  chloroform.  There  was  obtained  6.1  g  of  1- phenylmercapto- 2- pentanone, 
b.p,  119-120*  (2.5  mm),  n^®D  1.5570,  d^®4  1.0756.  The  2,4-dinitrophenylhydrazone,  which  melted  at  104-105* 
(from  alcohol),  caused  no  depression  of  the  melting  point  when  mixed  with  a  sample  of  the  2,4-dinitrophenyl¬ 
hydrazone  from  the  preceding  experiment. 
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The  action  of  sodium  thiophenolate  on  l,l*dichloro-l-pentene.  A  solution  of  20  g  of  1,1-dichloro-l-pen- 
tene  and  sodium  thiophenolate  (from  46.2  g  of  thiophenol  and  9.5  g  of  sodium)  in  120  ml  of  alcohol  was  heated 
in  an  autoclave  at  160-170"  for  18  hr.  The  reaction  mixture  was  diluted  with  water,  and  the  oil  which  separated 
was  extracted  with  ether.  The  ether  extract  was  washed  with  a  base  and  dried  over  potassium  carbonate.  Vacu¬ 
um  distillation  resulted  in  3.2  g  of  1-phcnylmercapto-l-pentene  [b.p.  94-95"  (1  mm).  n*®D  1.5646,  d^®4  1.0050], 

5  g  of  diphenyl  sulfide,  and  22.1  g  of  l,2-bis(phenylmercapto)-l-pentene  with  a  b.p.  of  172-173"  (1  mm),.  n*D 
1.6340,  d^4  1.1111. 

Found  7o:  C  71.28.  71.35;  H  6.31,  6.21;  S  22.42.  22.59.  CiTHjgSj.  Calculated  C  71.33;  H  6.29;S 22.33. 

The  action  of  an  alcoholic  solution  of  2,4-dinitrophenylhydrazine  on  the  1-phenylmercapto-l-pentene  in 
the  presence  of  sulfuric  acid  gave  valeraldehyde  2,4-dinitrophenylhydrazone,  m.p.  106-107",  which  caused  no 
depression  of  the  melting  point  when  mixed  with  a  known  sample  of  the  hydrazone.  When  a  solution  of  1,2- bis- 
(phcnybnercapto)-l-pentene  in  a  mixture  of  hydrochloric  and  acetic  acids  was  heated,  thiophenol  was  obtained 
along  with  l-phenylmcrcapto-2-pentanone,  b.p,  119-120"  (2.5  mm),  n^°D  1.5570,  d^^  1.0743.  The  2,4-dinitro- 
phcnylhydrazone  had  an  m.p.  of  104-105"  (from  alcohol),  and  caused  no  depression  of  the  melting  point  when 
mixed  with  a  known  sample  of  the  hydrazone. 


SUMMARY 

1,  It  was  shown  that  the  reaction  of  1,1,1- trichloropentane  with  sodium  thiophenolate  gives  diphenyl  sul¬ 
fide,  1-phcnylmercapto-l-pentene,  l,2-bis(phenylmercapto)pentane,  and  l,2.2-tri(phenylmercapto)pentane.  It 
is  proposed  that  the  first  stage  of  this  reaction  is  reduction  of  the  trichloromethyl  group. 

2.  It  was  found  that  the  major  product  of  the  reaction  of  1,1-dichloro-l-pentene  with  sodium  thiopheno¬ 
late  is  l,2-bis(phenylmercapto)-l-pentene,  and  smaller  amounts  of  1-phenylmercapto-l-pentene  and  diphenyl 
sulfide  arc  also  formed. 
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In  a  continuation  of  our  previous  investigations  [1],  we  have  studied  in  the  present  work  the  autooxidation 
of  4- sec- butyl- o- xylene  (I)  by  atmospheric  oxygen  at  110*  in  the  presence  of  manganese  resinate  in  combination 
with  some  or  all  of  Ca(OH)2.  NaOH,  Na2C03,  sodium  stearate,  and  cobalt  acetate.  The  oxidation  was  carried  out 
until  the  maximum  concentration  of  hydroperoxides  was  obtained  Oi  until  hydroperoxide  had  completely  disap¬ 
peared  from  the  reaction  mixture.  It  was  found  that  the  maximum  concentration  of  hydroperoxide  depends  on  the 
nature  of  the  promoter  and  the  amount  of  manganese  resinate.  The  highest  concentration  of  hydroperoxide  (13%) 
was  formed  during  autooxidation  of  (I)  in  the  presence  of  manganese  resinate  and  sodium  carbonate.  When  4-sec- 
butyl- o- xylene  was  oxidized  until  hydroperoxide  completely  disappeared  from  the  reaction  mixture,  the  following 
products  were  formed:  3,4-dimethylacetophenone  (II),  o-xylenol  (1,2,4)  (HI),  1,2-dimethylplicnylmcthyiethylcar- 
binol  (IV),  2-methyl- 4-sec-butyl-  and  2-methyl-5-scc-butylbenzoic  acids  (V),  and  2-methyl-4-sec-butyl-  and 
2-methyl-5-sec-butylbcnzyl  alcohols  (VI).  Oxidation  of  hydrocarbon  (I)  occurred  to  the  extent  of  25.8%  when  the 
oxidation  was  carried  out  in  the  presence  of  manganese  resinate,  sodium  stearate,  and  calcium  hydroxide  over  a 
period  of  60  hr  and  at  an  air  rate  of  18  liters/ hr.  Products  (H  to  VI)  were  formed  in  a  molar  relationship  of  3. 75: 

:  1  :  3  :  5.65  :  2.5,  respectively.  When  (I)  was  oxidized  in  the  presence  of  manganese  resinate,  cobalt  acetate, 
sodium  stearate,  sodium  hydroxide,  and  calcium  hydroxide  over  the  same  period  of  time  and  with  the  same  air 
feed  rate,  oxidation  amounted  to  32.3%,  and  products  (II  to  VI)  were  obtained  in  a  molar  relationship  of  7.5  :  1 : 

;  3  :  26  ;  4,  respectively.  On  the  basis  of  the  composition  of  the  oxidation  products  it  can  be  said  that  in  the 
oxidation  of  4-sec- butyl- o- xylene,  the  oxygen  attacks  all  three  radicals  with  the  formation  of  a  mixture  of  hy¬ 
droperoxides:  2-methyl  4-sec-butylbenzyl  (VII),  2-methyl- 5-sec  butylbenzyl  (VLH),  and  3,4-dimethyl-  a-meth- 
yl-a-ethylbenzyl  (DC).  (The  presence  of  these  hydroperoxides  was  confirmed  by  oxidation  to  the  corresponding 
alcohols.)  The  secondary  butyl  radical  is  oxidized  twice  as  fast  as  the  methyl  radical  in  the  presence  of  manga¬ 
nese  resmate,  sodium  stearate,  and  calcium  hydroxide.  When  cobalt  acetate  is  added  to  the  initiator,  the  meth¬ 
yl  group  is  oxidized  1.3  times  as  fast. 

The  value  of  the  ratio  of  2-methyl-4-soc-butylbcnzoic  acid  to  2-methyl- 5-sec-butylbenzoic  acid  shows 
that  of  the  two  methyl  groups,  the  one  most  subject  to  oxidation  is  the  one  which  is  in  the  para  position  to  the 
secondary  butyl  radical  (it  is  attacked  approximately  1.3  times  as  fast). 

EXPERIM  ENTAL 

The  4- sec-butyl- o- xylene  (I)  was  prepared  by  alkylation  of  o- xylene  with  2- butene  in  the  presence  of  a 
BF3  ■  H3PO4  catalyst;  the  mole  ratio  of  xylene  to  butene  to  catalyst  was  2:1;  0.2,  the  temperature  was  60*,  and 
the  2-butene  feed  rate  was  2  liters/ hr/ mole.  The  average  yield  was  90%.  Prior  to  oxidation,  the  butylxylene 
was  washed  several  times  with  concentrated  sulfuric  acid,  washed  with  a  10%  aqueous  solution  of  sodium  hydrox¬ 
ide  and  with  water,  dried  over  solid  sodium  hydroxide,  and  distilled  over  metallic  sodium.  The  b.p.  was  212- 
213*,  n^D  1.5020,  d''°4  0.8724.  Oxidation  of  the  butylxylene  with  nitric  acid  in  an  autoclave  converted  it  to  trr- 
mellitic  acid,  rn.p.  224-228*.  The  literature  [2]  reports  an  m.p.  of  229-230*. 
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TABLE  2.  Effect  of  Oxidation  Conditions  on  the  Composition  of  tlie  Products  of  Hy¬ 
droperoxide  Decomposition 
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•The  upper  figure  is  the  yield  in  mole  %  and  the  lower  is  the  yield  in  percent  of 
theoretical. 

Autooxidation  of  4- sec- butyl- o- xylene.  The  autooxidation  was  carried  out  in  the  manner  described  pre¬ 
viously  [1]  at  110"  and  with  an  air  feed  rate  of  18  liters/ hr/ mole  until  maximum  hydroperoxide  concentration 
was  obtained  or  until  hydroperoxide  completely  disappeared  from  the  reaction  mixture. 

Data  from  the  experiments  in  which  oxidation  was  continued  to  maximum  hydroperoxide  concentration  in 
the  reaction  mixture  are  presented  in  Table  1. 

Reduction  of  the  hydroperoxides.  To  a  three- neck  flask  fitted  with  a  stirrer  and  reflux  condenser  was 
charged  93.9  g  of  the  reaction  mixture,  which  contained  8. S'Vo hydroperoxide.  A  saturated  aqueous  solution  of 
8  g  of  Na2S03  was  added,  and  the  mixture  was  heated  on  a  water  bath  until  a  negative  test  for  hydroperoxide  was 
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obtauicd.  The  aqueous  layer  was  then  separated  from  the  hydrocarbon  layer,  and  the  acid  was  extracted  from  the 
latter  with  a  solution  of  sodium  carbonate.  A  total  of  1.7  g  (1.4*70)  of  2-methyl  4-sec-butyl-  and  2-methyl- 5- 
scc-butylbcnzoic  acids  (V)  was  obtained.  After  the  sodium  carbonate  extraction,  the  hydrocarbon  layer  was 
treated  with  10*70  alkali  to  extract  phenols  (none  were  found),  washed  with  water,  dried,  and  distilled.  The  distil¬ 
lation  gave  76.5  g  of  unoxidized  hydrocarbon,  8  g  of  a  fraction  boiling  in  the  range  of  90-150*  (2  mm),  and  1.7  g 
of  tar.  The  fraction  boiling  at  90-150*  (2  mm)  contained  (11),  (IV),  and  (VI).  The  yields  of  these  compounds 
were  1.2,  3.4,  and  2.‘\%  respectively. 

Oxidation  of  (I)  to  the  complete  disappearance  of  hydroperoxide  from  the  reaction  mixture  was  carried  out 
in  the  same  manner  as  described  above  with  tlie  one  e.xception  that  after  maximum  hydroperoxide  concentration 
had  been  reached,  the  air  flow  was  continued  for  an  additional  time.  Treatment  of  the  reaction  mixture  was 
carried  out  in  a  manner  analogous  to  that  described  above.  The  yields  of  oxidation  products  at  different  times 
and  in  the  presence  of  different  catalyst  mixtures  are  presented  in  Table  2. 

Characterization  of  the  Oxidation  Products 

3,4-Dimcthylacetophenone  (II).  This  compound  was  identified  as  the  2,4-dinitrophenylhydrazone  with  an 
m.p.  of  250-251*  (from  toluene)  and  as  the  oxime  with  an  m.p.  of  86.5-87.5*  (from  alcohol)  [3]. 

The  amount  of  (11)  was  determined  by  oxime  formation  [4]. 

o-Xylenol  (1,2,4)  (HI).  This  material  was  obtained  in  the  form  of  small  colorless  needles,  m.p.  63.5-64* 
(from  petroleum  ether).  It  was  converted  to  1,2-dimethylphenoxyacetic  acid,  m.p.  160-161*. 

The  literature  reports  an  m.p.  of  62.5*  for  o-xylenol  (1,2,4)  [5]  and  an  m.p.  of  163*  for  1,2"  dime  thy  Iphe- 
noxyacetic  acid  [6]. 

1,2-Dimcthylphcnylmethylethylcarbinol  (IV).  This  compound  was  determined  quantitatively  by  dehydra¬ 
tion  with  potassium  bisulfate  in  a  diisopropylbenzcne  medium  and  subsequent  titration  of  the  water  formed  by 
means  of  Fischer's  reagent  [7]. 

The  total  primary  alcohols  (VI)  were  determined  by  acetylation  with  12*70  aqueous  acetic  anhydride  in 
pyridine  [8]. 

The  2- methyl- 4- sec- butyl-  and  2-methyl-5-sec-butylbenzoic  acids  (V)  were  separated  as  a  viscous  yellow 
oil  which  boiled  in  the  limits  of  153-1^6*  (2  mm).  The  structures  .and  the  ratio  of  these  two  compounds  were  de- 
.termined  by  decarboxylation  in  quinoline  over  copper  powder  and  subsequent  oxidation  of  the  resulting  dialkyl- 
benzenes  to  phthalic  acids  with  lO^/oNHOs  in  an  autoclave.  The  terephthalic  acid  was  separated  from  the  isopii- 
thalic  acid  by  solution  of  the  latter  in  water  at  80*.  The  dimethyl  esters  of  these  acids  were  prepared.  The  di¬ 
methyl  terephthalate  melted  at  140-141*  and  the  dimethyl  isophthalate  melted  at  66-67*;  both  of  these  ate  in 
agreement  with  the  literature  values. 

SUMMARY 

1.  Autooxidation  of  4- sec- butyl- o- xylene  by  atmospheric  oxygen  at  110*  was  studied  in  the  presence  of 
manganese  resinate,  calcium  hydroxide,  sodium  stearate,  cobalt  acetate,  sodium  carbonate,  and  NaOH. 

2.  It  was  found  that  all  three  alkyl  radicals  undergo  oxidation,  and  the  rate  of  oxidation  depends  on  the 
nature  of  the  promoter.  Of  the  two  methyl  groups,  the  one  in  the  para  position  to  the  secondary  butyl  radical  was 
more  easily  oxidized. 
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0 -Diketones  may  be  sulfonated  at  the  active  methylene  group  by  dioxane- sulfur  trioxide  [1]  or  by  a  mix¬ 
ture  of  sulfuric  acid  and  acetic  anhydride  [2]. 

The  aim  of  the  present  work  was  to  determine  the  effect  of  the  solvent,  the  sulfonating  agent,  and  the  tem¬ 
perature  on  the  sulfonation  of  2- phenyl- 1,3- indanedione  (I).  The  sulfonating  agents  used  in  this  work  were  chlo- 
rosulfonic  acid  and  a  mixture  of  concentrated  sulfuric  acid  and  acetic  anhydride;  solvents  were  1,2-dichloroeth- 
ane,  chloroform,  carbon  tetrachloride,  isooctane,  dioxane,  and  diethyl  ether. 

In  all  cases,  the  use  of  the  mixture  of  sulfuric  acid  and  acetic  anhydride  as  the  sulfonating  agent  resulted 
in  the  formation  of  2-phenyl-l,3-indanedione-2-sulfonic  acid  (U)  (Table  1). 

A  series  of  salts  of  tliis  acid  were  prepared  (Table  2). 

The  salts  were  prepared  by  neutralization  of  an  aqueous  solution  of  the  acid  with  the  appropriate  metal  car¬ 
bonate  or  hydroxide.  If  the  sulfonate  was  highly  soluble,  the  chloride  or  nitrate  of  the  same  metal  was  used  to  • 
salt  out  the  product.  The  less  soluble  sulfonates  could  also  be  prepared  by  ion  exchange  between  the  appropriate 
metal  salt  and  the  sodium  sulfonate.  The  majority  of  the  salts  were  readily  soluble  in  water.  The  less  soluble 
sulfonates  were  those  of  potassium,  rubidium,  strontium,  barium,  and  lead.  In  the  presence  of  pyridine,  the  cobalt,- 
nickel,  and  manganese  sulfonates  formed  pyridine -containing  complex  salts;  these  will  be  considered  in  a  separ¬ 
ate  communication. 

There  has  been  but  little  study  of  the  interaction  of  chlorosulfonic  acid  and  B  -diketoncs  [2].  Sulfonation 
of  2-phcnyl- 1,3- indanedione  with  chlorosulfonic  acid  in  dioxane  or  in  diethyl  ether  gave  the  same  sulfonic  acid 
(H),  while  when  the  reaction  medium  was  1,2-dichloroethane,  chloroform,  carbon  tetrachloride,  or  isooctane,  the 
phenyl  group  of  2- phenyl- 1,3- indanedione  was  sulfonated  in  the  para  position,  and  2- phenyl- 1,3- indanedione- 4*- 
sulfonic  acid  was  obtained  (HI). 


C6H4 


Cell., 

\co/  \h 

(1) 

3 

,co 


yCOv  yCglls 

cgH4<  >c<; 
\co/  \sO3n 
(ID 


^  4' 

C6H4<  ^-SOall 

\co/2 


(III) 


The  structure  of  acid  (HI)  was  proved  by  alkaline  cleavage,  which  yielded  phthalic  acid  and  p-toluenesul- 
fonic  acid;  the  latter  was  identified  by  conversion  to  the  anilide. 
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TABLE  1 

Sulfonation  of  2- Phenyl- 1.3-indanedione 


Solvent 


1.2-Dichloroethane 

Chloroform 

Carbon  tetrachlo¬ 
ride 

Isooctane 

Dioxane 
Diethyl  ether 


IIjSO,  1-  (CH3C())20 
CISO.OII 

HaSO^  1  (Cll3C0)20 
CISO2OII 
ClSOaOH 

II2SO4  -t-  (CH3CO),,() 

cisOoOn 


Ratio  of  2- 

phenyl- 1,3- 

indanedione  to  ‘ 

sulfonating  | 

agent  (inmole^ 

'  TD 

1  os! 

,  CO  CO 

(NrH.S'V 

~a  ;f^cg.S 

Yield  of  2- 
phenyl-1,3- 
indanedione-4- 
sulfonic  acid 
(in  °!o) 

1  :  t 

_ 

31 

1  :2 

— 

3S 

1  ;3 

— 

40 

1  :4 

_ 

51 

J  :5 

— 

.7) 

1  :  1 

4.^ 

_ 

1  :2 

r.6 

_ 

1  :  1.3 

77 

— 

1  :  1 

2« 

1  :2 

42 

1:3 

— 

45 

1  :  1 

40 

_ 

1  :2 

.30 

— 

1  : 1 

_ 

3.3 

1  :2 

— 

45 

1  :1 

3S 

_ 

1  :2 

42 

— 

1:1 

_ 

.30 

1:2 

— 

45 

1:1 

40 

1:2 

52 

— 

1:1 

35 

1:2 

49 

— 

1  : 1 

12 

_ 

1  :2 

19 

It  is  well  known  that  2- phenyl- 1,3- indanedione  can  be  prepared  by  sodium  methylate- catalyzed  isomeriza 
tion  of  benzalphthalide.  In  order  to  prepare  acid  (III)  by  this  method,  benzalphthalide  was  sulfonated,  and  the 
resulting  sulfonic  acid  (IV)  was  rearranged  by  means  of  sodium  methylate.  This  route  gave  the  same  acid  (in). 


CO 


-SO3I1 


CH,ONa 


(IN); 


Hr  (V) 


2-Phenyl-l,3-indanedione-4’  sulfonic  acid  contains  an  active  hydrogen  in  the  2  position  which  is  readily 
replaced  by  bromine,  and  the  sodium  and  potassium  salts  of  2-bromo  2- phenyl- 1,3- indanedione  4* -sulfonic acid 
(V)  were  prepared  in  good  yields.  As  in  other  bromoindanediones,  the  bromine  atom  is  not  strongly  bonded  and 
is  readily  split  off.  The  compound  interacts  with  water,  splitting  out  hypobromous  acid,  and  with  aniline  it  gives 
the  aniline  salt  of  2- anilino- 2- phenyl- 1,3- indanedione -4' -sulfonic  acid  (VI),  which  was  obtained  in  the  form  of 
yellow  crystals. 


Nll-C„ll5 

(VI) 


III3N-CCII5J® 
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TABLE  2 


Salts  of  2- Phenyl- 1,3- indanedione- 2- sulfonic  Acid 


Q*  Name  of  salt  and  empirical  for- 
z  mula 


Found  {%) 


Notes 


1 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


Sodium  salt 
CisHoOsSNa 
CisIlgOsSNa  .  3H2O 

Potassium  salt 
CisHaOgSK 
Rubidium  salt 
CislIflOsSnb 

Silver  salt 
CislIgOsSAg  •  II2O 

Thallium  salt 

CislIflOsSTl 

Magnesium  salt 
(CisHsOjSloMg  •  21120 

Calcium  salt 
(C,5no05S)2Ca  •  GHoO 

Strontium  salt 
(Ci6H905S)2Sr  .  12H2O 

Barium  salt 
(Ci5ni)05S)2lla  .  9II2O 

Zinc  salt 

(Ci5ll905S)2Zu  .  71120 
Cadmium  salt 
(CisIIgOsSlaCd  .4H2O 
Manganese  salt 
(C,5Hfl05S)2Mn  .  31I2O 

Cobalt  salt 
(^15119058)200  •  6H2O 
Nickel  salt 

(C,5H905S)2Ni  .  5II2O 

Ammonium  salt 
CijIloOsSNU* 
Aniline  salt 
O15H10O5S  •  An 
Pyridine  salt 
CisllioOaS  .  Py 
Quinoline  salt 
O15H10O5S  •  Ch 


Na 

t\a 

MjO 

6.81 

5.o7 

14.21 

K 

1U5 

lib 

21.72 

Ag 

11 2O 

24.70 

4./0 

T1 

40.46 

Mg 

H2O 

3.53 

b.6Z 

Oa 

iijO 

5.32 

13.06 

Sr 

11 2O 

9.67 
23./ 5 

Ua 

II2O 

15.25 

18.40 

Zn 

II2O 

8.16 

15.14 

Cd 

II2O 

14.48 

10.12 

Mu 

H2O 

7.50 

7.23 

Co 

II2O 

7.54 

15.12 

Ni 

llzO 

7.77 

12.30 

N 

4.47 

N 

3.70 

N 

3.78 

N 

3.62 

Poorly  developed  prisms 


7.08 

6.08 

14.29 

Lamellar  crystals 

11.40 

Long  fine  prisms 

22.10 

Prismatic  crystals 

25.25 

4.22 

Small  hexagonal  plates 
and  prisms 

40.41 

Long  prisms 

3.67 

5.43 

Poorly  developed  plates 

5.34 

14.40 

Lamellar  crystals 

9.67 

23.85 

Rhombic  plates 

15.23 

17.97 

Poorly  developed  lamellar 
crystals 

8.23 

15.88 

'Lamellar  crystals 

14.28 

9.15 

Very  fine  undeveloped 
crystals 

7.21 

7.59 


7.66 

14.04 


Fine  prisms 

Poorly  developed  plates 


7.81 

11.99 


Poorly  developed  plates 


4.38 

3.54 

3.67 

3.25 


Prismatic  crystals 
Long  prisms 

Short  hexahedral  crystals 
Prisms 


EXPERIMENTAL 


2- Phenyl- 1.3- indanedione- 2- sulfonic  acid.  To  a  suspension  of  2.2  g  of  2- phenyl- 1,3- indanedione  in  10ml 
of  1,2-dichloroethanc  was  added  a  mixture  of  2  ml  of  acetic  anhydride,  0.75  ml  of  OS'/o sulfuric  acid,  and  5  mlof 
1,2-dichlorocthane.  The  2- phenyl- 1,3- indanedione  dissolved  readily.  The  reaction  mixture  was  cooled  with  ice, 
and  a  white  precipitate  of  the  sulfonic  acid  began  to  form  after  approximately  1  hr.  After  several  hours,  the  pre¬ 
cipitate  was  separated  and  washed  with  dry  ether.  The  yield  was  2.5  g  The  sulfonic  acid  was  readily  solu¬ 

ble  in  water  and  alcohol  and  slightly  soluble  in  dry  ether.  The  m.p.  was  128  130*.  The  compound  slowly  decom¬ 
posed  on  standing  in  air. 

Found  *7.-:  S  10.40.  C15H10O5S.  Calculated  S  10.60. 

A  series  of  salts  of  2- phenyl- 1.3- indanedione- 2-sulfonic  acid  (Table  2)  was  prepared  by  our  previously  de¬ 
scribed  method  [2,3].  When  crystallized  from  an  aqueous  alcohol  solution,  the  sodium  salt  formed  the  trihydrate, 
while  the  anhydrous  salt  crystallized  from  aqueous  solution. 

Sulfonation  of  2-phenyl- 1,3- indanedione  with  chlorosulfonic  acid,  a)  In  dioxane.  To  a  suspension  of 
6.66  g  of  2-phenyl- 1.3- indanedione  in  30-35  ml  of  dry  dioxane  was  added  3  2  ml  of  chlorosulfonic  acid.  The  2- 
phenyl- 1,3- indanedione  went  into  solution.  The  reaction  mixture  was  allowed  to  stand  for  5-6  hr,  and  the  pre¬ 
cipitated  crystals  were  then  separated,  dissolved  in  water,  salted  out  with  sodium  chloride,  and  recrystallized  from 
dilute  alcohol.  The  sodium  salt  of  2- phenyl- 1,3- indanedione- 2- sulfonic  acid  precipitated  as  yellow  prisms  (52°!o). 

Sulfonation  in  diethyl  ether  was  carried  out  in  a  similar  manner;  however,  the  yield  was  lower  (Table  1). 

b)  In  1,2-dichloroethane.  To  a  suspension  of  6.66  g  of  2-phenyl- 1,3- indanedione  in  30-35  ml  of  dry  1,2- 
dichloroethane  was  added  7  g  of  chlorosulfonic  acid.  Hydrogen  chloride  was  evolved,  and  a  resinous,  violet- 
colored  precipitate  was  formed.  The  flask  was  loosely  stoppered  and  allowed  to  stand  for  4-5  hr;  from  time  to 
time,  the  flask  was  opened  slightly,  and  tlie  contents  were  agitated.  Water  (70-80  ml)  was  added,  and  resinous 
precipitate  dissolved,  imparting  to  the  aqueous  layer  a  red  color.  The  aqueous  layer  was  separated  and  saturated 
with  sodium  chloride.  The  resulting  voluminous  precipitate  was  separated  by  filtration  and  crystallized  from  al¬ 
cohol  The  sodium  salt  of  2- phenyl- 1,3- indanedione- 4' -sulfonic  acid  was  obtained  in  the  form  of  dark  red  prisms. 
The  yield  was  38%. 

Found  %;  S  9.22.  CisHjOgSNa.  Calculated  %;  S  9.89. 

Sulfonation  in  chloroform,  carbon  tetrachloride,  and  isooctanc  was  carried  out  in  a  similar  manner  (Table  1). 

Bcnzylthiuronium  salt.  Saturated  aqueous  solutions  of  benzylthiuronium  chloride  and  the  sodium  salt  of 
2-phcnyl- 1.3-indanedione-4'-  sulfonic  acid  were  mixed,  and  the  resulting  precipitate  of  the  benzylthiuronium 
salt  was  recrystallized  from  a  small  amount  of  alcohol.  The  salt  formed  dark  red  prisms.  The  m.p,  was  192*. 

Found  %:  N  6.04.  CzaHigOsNjSz-  Calculated  %;  N  5.99. 

Cleavage  of  the  sodium  salt  of  2-phenyl-l,3-indanedione-4*-sulfonic  acid.  A  mixture  of  1  g  of  the  sodi¬ 
um  salt,  1  g  of  sodium  hydroxide,  and  several  drops  of  water  were  heated  in  a  hard-glass  test  tube.  The  melt  was 
treated  with  5-7  ml  of  water,  and  concentrated  hydrochloric  acid  was  added  to  the  solution  until  an  acid  reaction 
was  obtained.  The  phthalic  acid  was  extracted  with  ether,  and  the  ether  was  distilled.  The  residue  gave  a  posi¬ 
tive  fluorescein  reaction.  After  extraction  of  the  phthalic  acid,  the  aqueous  layer  was  evaporated  to  dryness,  and 
the  residue  was  heated  to  50*  with  phosphorus  pentachloride.  Ice  was  added  to  the  reaction  mixture,  and  this  was 
followed  by  the  addition  of  carbon  tetrachloride.  The  mixture  was  agitated  and  allowed  to  settle,  and  the  carbon 
tetrachloride  layer  was  separated.  The  carbon  tetrachloride  was  carefully  evaporated,  and  the  residue  was  treated 
with  aniline.  The  resulting  anilide  of  p-toluenesulfonic  acid  was  purified  by  crystallization  from  a  mixture  of  al¬ 
cohol  and  diethyl  ether.  The  m.p.  was  101-103*  [4].  A  mi.xture  of  this  material  with  a  known  sample  of  p-tolu- 
enesulfonanilide  showed  no  depression  of  the  melting  point. 

Sodium  salt  of  2-bromo-2-phenyl-l,3-indanedione-4'-sulfonic  acid.  To  an  aqueous  solution  of  3.24  g  of 
the  sodium  salt  of  2- phenyl '1,3- indanedione- 4' -sulfonic  acid  in  35-40  ml  of  water  was  added  a  solution  of  1.6g 
of  bromine  in  5  ml  of  glacial  acetic  acid.  The  resulting  slightly  yellowish  solution  was  saturated  with  sodium 
chloride.  The  sodium  salt  of  2-bromo-2-phenyl-l,3-indanedione-4’-sulfonic  acid  precipitated.  Crystallization 
from  dilute  alcohol  gave  colorless  prisms.  The  yield  was  2.6  g  (64.5%). 
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Found  Br  20.30,  CisHsOjSBrNa.  Calculated  7^:  Br  19.82. 

Potassium  salt.  This  was  prepared  similarly  to  the  sodium  salt. 

Found  loi  Br  19.48;  S  8.31.  CisH^OsSBrK.  Calculated  °loi  Br  19.06;  S  7.64. 

Aniline  salt  of  2- anilino- 2- phenyl- 1,3- indanedione- 4' -sulfonic  acid.  The  sodium  salt  of  2- bromo- 2- phen¬ 
yl- 1,3- indanedione  4’ -sulfonic  acid  was  reacted  with  excess  aniline.  There  was  an  exothermic  reaction,  and  the 
mixture  subsequently  hardened.  The  mass  was  triturated  with  ether  to  remove  e.xcess  aniline  and  then  with  water 
to  remove  anilino  hydrochloride.  The  residual  aniline  salt  of  2- anilino- 2- phenyl- 1,3- indanedione- 4’ -sulfonic 
acid  could  be  crystallized  from  water,  alcohol,  dioxane,  or  acetone.  Crystallization  yielded  fine,  yellowish  prisms. 
The  compound  melted  at  305-307*  (with  decomposition). 

Found  <70;  N  5.91.  CctH2205N2S-  Calculated  N  5.76. 

Preparation  of  the  sodium  salt  of  2- phenyl- 1,3- indanedione- 4' -sulfonic  acid  from  benzalphthalide.  To 
6.66  g  of  benzalphthalide  in  30-35  ml  of  dry  1,2-dichloroethanc  was  added  3.9  ml  of  chlorosulfonic  acid.  A 
greenish  precipitate  soon  separated  from  the  resulting  homogeneous  mixture.  The  mixture  was  agitated  from 
time  to  time,  and  after  3-4  hr  it  was  treated  with  80-100  ml  of  water.  The  aqueous  layer  was  separated  and  sat¬ 
urated  with  sodium  chloride.  The  sodium  sulfonate  precipitated.  Structure  (IV)  is  proposed  for  this  salt.  The  salt 
was  separated  and  treated  with  a  mixture  of  150  ml  of  methyl  alcohol  and  sodium  methylate,  which  was  prepared 
from  50  ml  of  methyl  alcohol  and  4  g  of  sodium.  The  methyl  alcohol  was  almost  completely  distilled,  the  resi¬ 
due  was  extracted  with  70-80  ml  of  water,  and  hydrochloric  acid  was  added  to  the  aqueous  solution  until  an  acid 
reaction  was  obtained.  The  solution  was  saturated  with  sodium  chloride,  and  a  dark  red  precipitate  of  the  sodium 
salt  of  2- phenyl- 1,3- indanedione- 4' -sulfonic  acid  formed.  This  was  recrystallized  from  alcohol. 

Found  ‘7o:  Na  6.90.  CisIIgOjSNa.  Calculated  ‘7o:  Na  7.08. 

SUMMARY 

1.  2-Phenyl-l,3-indanedionc-2-sulfonic  acid  was  obtained  when  2- phenyl- 1,3- indanedione  was  sulfonated 
with  a  mixture  of  concentrated  sulfuric  acid  and  acetic  anhydride  in  nonpolar  solvents. 

2.  2-Phenyl-l,3-indancdione-4'-sulfonic  acid  was  obtained  when  2-phenyl- 1,3- indanedione  was  sulfonated 
with  chlorosulfonic  acid  in  1,2-dichlotoethane,  chloroform,  carbon  tetrachloride,  or  isooctane.  The  compound  was 
characterized  by  means  of  its  benzylthiuronium  salt.  This  same  compound  was  prepared  by  sulfonation  of  *^enzal- 
phthalide  and  subsequent  rearrangement  of  the  sulfonation  product  by  means  of  sodium  methylate. 

3.  2- Phenyl- 1,3- indanedione- 2- sulfonic  acid  w'as  obtained  when  2- phenyl- 1,3- indanedione  was  sulforiatcd 
with  chlorosulfonic  acid  in  dioxane  or  in  diethyl  ether. 
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We  have  previously  studied  the  reaction  of  certain  alkylacetylenes  with  nickel  carbonyl  in  alcoholic  me 
dia,  and  we  have  established  that  such  reactions  yield  a  alkylacrylates  [1]  in  conformity  with  Markovnikov’s 
rule. 


It  would  be  expected  that  the  interaction  of  vinylacetylenes  with  nickel  carbonyl  in  alcoholic  media  would 
result  in  the  formation  of  esters  of  a- vinylacrylic  acid. 

COOR 

I 

4011,,  CH— c=cn  -f  Ni(CO)4  21101  -f-  4nOIl  ->  4011.2  =  011-0=0112  +  NiCl2  +  Hj 

However,  under  the  conditions  usually  used  for  these  reactions,  in  place  of  the  esters  expected  on  the  basis 
of  the  previous  work,  dimers  of  these  esters  were  obtained.  We  were  unable  to  stop  the  reaction  at  the  monomer¬ 
ic  ester  stage  by  carrying  the  reaction  out  at  lower  temperatures  or  by  the  use  of  solvents  and  the  addition  of  hy- 
droquinone.  The  reaction  products  were  always  esters  of  a  dicarboxylic  acid  having  the  composition  CgHiofCOOH}^ 
(under  the  conditions  studied).  The  formation  of  esters  of  vinylacrylic  acid  dimer  could  be  the  result  of  condensa¬ 
tion  of  two  molecules  of  the  normal  product  of  the  reaction  of  vinylacetylene  with  nickel  carbonyl” an  ester  of 
vinylacrylic  acid.  The  most  probable  of  such  condensations  would  be  condensations  leading  to  a  significant  num¬ 
ber  of  isomers  with  four-  and  six- carbon  atom  rings.  It  is  likewise  not  possible  to  exclude  the  formation  of  dihy¬ 
drodimer  by  hydrogenation  of  the  vinylacrylic  acid  ester  by  hydrogen  evolved  during  the  reaction. 

Determination  of  the  parachors  of  these  individual  dimeric  esters  and  their  dihydro  and  tetrahydro  deriva¬ 
tives  unequivocally  showed  that  the  dimer  is  a  cyclic  derivative.  Since  the  values  of  the  parachors  calculated 
for  structures  with  four-  and  six-membered  rings  were  closely  similar  and  the  difference  between  them  was  with¬ 
in  the  limits  of  experimental  error,  chemical  methods  were  also  used  as  an  aid  in  the  determination  of  the  struc¬ 
ture  of  these  dimers. 

When  the  acid  C8Hio(COOH)2.  obtained  by  saponification  of  the  dimeric  ester,  was  heated  at  270-290*, 
quantitative  decarboxylation  to  a  hydrocarbon”  vinylcyclohexene- occurred.  Hydrogenation  of  this  hydrocarbon 
at  atmospheric  pressure  over  a  palladium  catalyst  gave  vinylcyclohexane.  Further  hydrogenation  of  this  com¬ 
pound  under  pressure  converted  it  to  ethylcyclohexane.  This  series  of  conversions  indicates  that  the  dimeric  esters 
formed  by  the  reaction  of  vinylacetylene  with  nickel  carbonyl  are  derivatives  of  vinylcyclohexenedicarboxylic 
acid. 


The  action  of  sulfuric  acid  on  vinylcyclohexenedicarboxylic  acid  gave  p-ethylbenzoic  acid,  which  was 
identified  by  the  constants  of  the  acid  itself  and  those  of  the  ethyl  ester  and  the  mononitro  derivative;  these  val¬ 
ues  were  in  good  agreement  with  the  published  values.  However,  the  amide  synthesized  from  the  chloride  of  the 
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p-cihylbenzoic  acid  differed  sharply  in  melting  point  (161")  from  p-ethylbenzamido  (m.p.  115- IIG*)  synthesized 
from  ethylbenzene,  HCN,  and  HCl  in  the  presence  of  AICI3  [2].  Obviously,  the  literature  value  is  in  error  and 
was  measured  for  an  isomeric  compound.  As  a  matter  of  fact,  oxidation  of  a  sample  of  our  p-ethylbenzoic  acid 
gave  terephthalic  acid,  which  was  identified  in  the  form  of  its  methyl  ester  (m.p.  141*)  and  its  chloride  (m.p.  40*); 
this  confirms  the  above  statement. 


Destructive  oxidation  of  the  dimeric  acid  with  the  formation  of  p-ethylbenzoic  and  terephthalic  acids  indi¬ 
cated  that  the  substituents  (vinyl  and  carboxyl  groups)  in  the  dimeric,  cyclohexene  acid  are  located  in  1.4- posi¬ 
tions  with  respect  to  each  other.  The  position  of  the  second  carboxyl  group  in  this  molecule  was  still  not  cleat 
at  this  point.  It  could  be  either  in  the  side  chain,  i.e.,  attached  to  the  vinyl  group,  or  it  could  replace  a  second 
hydrogen  in  the  ring  at  the  4- position  with  respect  to  the  first  carboxyl.  In  order  to  clarify  this  point,  the  ethyl 
ester  of  the  vinylcyclohexenedicarboxylic  acid  was  dehydrogenated  by  heating  (at  300*)  with  selenium  and  sulfur, 
and  it  was  also  brominated  with  bromosuccinimide  with  subsequent  elimination  of  hydrogen  bromide  by  means  of 
quinoline.  In  neither  case  was  an  aromatic  derivative  formed. 

Thus,  the  interaction  of  vinylacetylenc  with  nickel  carbonyl  in  alcoholic  media  takes  place  with  the  forma¬ 
tion  of  esters  of  l-vinyl-3-cyclohoxeno-l,4-dicarboxylic  acid  (I). 


In  a  note  published  prior  to  the  completion  of  the  present  investigation  [3],  the  product  of  the  reaction  of 
vinylacetylcne  with  nickel  carbonyl  and  alcohol  was  erroneously  stated  to  be  a-(4-carbethoxycyclohcxcn-3-yl)- 
acrylic  acid.  That  this  statement  is  erroneous  is  confirmed  by  the  fact  that  the  vinylcyclohexenedicarboxylic 
acid  prepared  in  the  present  work  was  identical  to  vinylcyclohexenedicarboxylic  acid  prepared  by  hydrolysis  of 
the  product  of  the  Diels- Alder  condensation  of  2-cyanobutadiene  [4]. 


Cl  I., 
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The  formation  of  the  dihydro  derivatives  of  vinylcyclohexenedicarboxylic  acid  esters  can  readily  be  ac¬ 
complished  by  hydrogenation  of  the  esters  with  the  calculated  amount  of  hydrogen  at  atmospheric  pressure  over 
palladium.  These  dihydro  derivatives,  like  the  esters  of  vinylcyclohexenedicarboxylic  acid,  are  converted  by  the 
action  of  sulfuric  acid  to  p-ethylbenzoic  acid.  This  suggests  that  the  dihydro  compounds  are  derivatives  of  1- 
ethyl- 3- cyclohexene- 1,4- dicarboxylic  acid.  Further  hydrogenation  of  these  esters  of  the  diliydro  acid  takes  place 
slowly.  It  dees  go  almost  to  completion  in  the  case  of  the  diethyl  ester,  but  does  so  with  difficulty;  it  takes  place 
even  less  readily  in  the  case  of  the  dimethyl  ester  (80-65% hydrogenation);  and  the  dibutyl  ester  does  not  hydro¬ 
genate  at  all.  under  the  above  conditions.  Completely  hydrogenated  esters  of  1- ethylcyclohexene- 1.4-dicarbox- 
ylic  acid  can  be  obtained  by  carrying  out  the  hydrogenation  under  pressure  at  elevated  temperatures. 

In  contrast  to  esters  of  the  acids  described  above,  esters  of  ethylcyclohexanedicarboxylic  acid  undergo  sa¬ 
ponification  by  alcoholic  alkali  at  only  one  ester  group,  and  the  acid  esters  are  formed;  complete  saponification 
can  be  obtained  by  heating  (at  200*)  with  hydrochloric  acid  in  sealed  tubes. 

Various  derivatives  (acid  esters,  chlorides,  amides,  and  others)  were  prepared  during  the  investigation  of  the 
above  acids.  These  derivatives  are  described  in  the  experimental  section. 

E  XPERIMENT  AL 

A.  Preparation  of  1-Vin yl-3-cyclo hexene- 1,4- carboxylic  Acid  and  Its  Derivatives 

1.  Preparation  of  the  dimethyl  ester.  A  reaction  mixture  consisting  of  26  g  of  liquid  vinylacctylene.  21.3  g 
of  nickel  carbonyl,  50  g  of  methyl  alcohol  containing  9.1  g  of  hydrogen  chloride,  and  35  g  of  ether  was  held  at 
40*  for  6  hr.  The  reaction  mixture  was  then  cooled,  treated  with  an  aqueous  solution  of  sodium  chloride,  washed 
with  water,  and  dried.  The  ether  was  evaporated,  and  the  mixture  was  twice  distilled  under  vacuum.  There  was 
obtained  20.1  g  of  the  dimethyl  ester  of  1-vinyl" 3- cyclohcxene- 1,4  dicarboxylic  acid. 

B.p.  120-121*  (1  mm),  n^®D  1.4901,  d^'’4l.l222.  MR^  57.72;  calc.  57.60. 

Found  %;  C  63.63.  63.74;  H  7.45,  7.53.  C12H16O4.  Calculated  %:  C  64.28;  H  7.14. 
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chloride  and  33  g  of  anhydrous  n- butyl  alcohol  was  heated  on  a  boiling  water  bath  for  about  2  hr.  Distillation  of 
the  reaction  products  yielded  40.2  g  of  pure  dibutyl  ester. 

B.p.  172*  (1.5  mm),  n^®D  1.4757,  d^°4  1.0158,  MRd  85.47;  calc.  85.26. 

Found  °Jo-.  C  70.05,  69.62;  H  10.51,  10.54.  CX8H28O4.  Calculated  C  70.13;  H  9.09. 

4.  Preparation  and  conversions  of  acid  (I),  a)  Preparation  of  the  acid.  A  mixture  of  35.9  g  of  the  diethyl 
ester  (b.p.  140*  at  3  mm)  and  17.4  g  of  KOH  dissolved  in  160  ml  of  alcohol  was  refluxed  for  2  hr.  The  reaction 
mixture  was  cooled,  and  the  potassium  salt,  which  precipitated  as  a  white  powder,  was  separated  and  dissolved  in 
water.  The  aqueous  solution  of  the  salt  was  made  acid  with  hydrochloric  acid,  and  a  white  precipitate  formed. 
The  product  was  recrystallized,  and  22.3  g  of  a  substance  with  an  m.p.  of  233-234*  (from  40%CH^OOH)  was  ob¬ 
tained  in  the  form  of  needles  with  a  square  cross  section.  An  additional  2.5  g  of  the  acid  was  obtained  from  the 
mother  liquor.  The  over-all  yield  was  88.5‘7a  The  pure  acid,  obtained  by  a  second  recrystallization,  melted  at 
235-236*  (with  decomposition). 

Found  ‘7o;  C  61.11,  60.70;  H  6.08,  6.27;  1  00,  0.99.  C10H12O4.  Calculated  °lo:  C  61.22;  H  6.12; 

Hact  1'03. 

b)  Thermal  decarboxylation  of  the  acid- preparation  of  vinyl  cyclohexane  and  ethylcyclohexane.  A  sam¬ 
ple  of  42  g  of  1- vinyl-3-cyclohexene- 1,4-dicarboxylic  acid  (m.p.  234-235*)  was  heated  at  270-290*.  Therewas 
considerable  evolution  of  gas  and  distillation  of  decomposition  products.  The  liquid  condensate  amounted  to 
11.8  g.  Distillation  of  this  material  yielded  10.4  g  of  vinylcyclohexene  with  a  b.p.  of  138-139®,  n*®D  1.483, 
d^®4  0.8452. 

This  compound  was  hydrogenated  in  the  presence  of  palladous  chloride  at  room  temperature  and  atmospher 
ic  pressure.  From  10.2  g  of  hydrogenation  products  was  isolated  5.0  g  of  vinylcyclohexane. 

B.p.  132.5-133*,  n*®D  1.4531,  d”4  0.8156. 

Literature  values  [5]:  b.p.  131*  (749  mm),  n^®D  1.450,  d*®4  0.8166. 

The  vinylcyclohexane  was  subjected  to  further  hydrogenation  in  the  presence  of  PdCl2  at  atmospheric  pres¬ 
sure.  This  gave  ethylcyclohexane. 
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B.p.  129. 5-130. 5*  (741  mm).  n^°D  1.4327,  d^\  0.7880,  MRq  36.92;  calc.  36.94. 

Literature  values  [6]:  b.p.  130-131*.  1.4323.  0.784. 

c)  The  action  of  sulfuric  acid;  conversion  to  p- ethylbenzoic  acid.  A  sample  of  3  g  of  acid  (I)  was  heated 
with  25  ml  of  concentrated  sulfuric  acid  at  100 '130*  until  evolution  of  gas  ceased.  The  reaction  mixture  was 
cooled  and  poured  into  ice  water.  The  resulting  precipitate  (2.4  g)  was  separated  and  steam  distilled.  From  the 

distillate  was  obtained  1  g  of  p- ethylbenzoic  acid  crystals.  The  square  prisms  melted  at  112-113*.  The  acid  was 

also  identified  as  its  ethyl  ester,  b.p.  127"  (13  mm),  n“®D  1.5050,  d^®4  1.0110  [8].  It  was  further  identified  by  prep¬ 
aration  of  the  nitro  derivative  with  an  m.p.  of  156"  [7]  and  by  oxidation  to  terephthalic  acid. 

The  amide  was  prepared  by  passing  ammonia  into  0.1  g  of  the  acid  chloride  in  1.5  ml  of  ether.  It  was  ob¬ 
tained  in  the  form  of  colorless  lamellar  crystals  with  an  m.p.  of  161-162*  (from  water). 

Found  N  9.42.  9.63.  CgHuON.  Calculated  °Io:  N  9.49. 

5.  Preparation  of  the  dichloride.  A  mixture  of  20  g  of  acid  (I)  and  45  g  of  phosphorus  pentachloride  was 
heated  at  80-85*  until  the  evolution  of  hydrogen  chloride  had  ceased.  The  mixture  was  then  distilled  under  vac¬ 
uum.  The  acid  chloride  was  a  liquid  with  a  very  slight  yellowish  green  color;  b.p.  140-141*  (5  mm),  n^°D  1.5360, 
d**’^  1-2916.  Hydrolysis  with  water  reconverted  the  acid  chloride  to  the  dienic  dicarboxylic  acid.  A  mixture  of 
this  acid  with  a  sample  of  the  original  acid  showed  no  depression  of  the  melting  point. 

Found  <70  :  C  51.98,  51.88;  H  4.62,  4.56;  Cl  30.50,  30.44.  Ci6H2o02Cl2.  Calculated  C  51.50;  H  4.29; 

Cl  30.47. 

The  diamide  of  1-vinyl  3 -cyclohexene -1,4- dicarboxylic  acid  was  prepared  by  treatment  of  an  ether  solu¬ 
tion  of  the  dichloride  with  ammonia.  The  crystals  melted  at  187*. 

B.  Preparation  of  1  -  Ethy  1- 3 -  c y cloh e x ene  - 1 ,4 -  d ic ar bo xyl ic  Acid  and  Its  Derivatives 

6.  Preparation  of  the  dimethyl  ester.  A  solution  of  50  g  of  the  dimethyl  ester  of  1- vinyl- 3- cyclohexene- 
1,4- dicarboxylic  acid  (iT.p.  143-145"  at  4  mm)  in  150  ml  of  alcohol  containing  0.33  g  of  PdCl2  was  hydrogenated 
at  room  temperature  and  atmospheric  pressure.  The  hydrogenation  was  continued  until  5.8  liters  of  hydrogen 

(1  mole  of  H2  per  mole  of  ester)  had  been  absorbed.  The  hydrogenation  product  was  distilled  under  vacuum  to 
isolate  the  dimethyl  ester  of  1  ethyl-3-cyclohoxene-l,4-dicarboxylic  acid. 

B.p.  141-142"  (4  mm),  n^°D  1.4793,  d“°4  11016,  58.11;  calc.  58.02. 

Found  %  C  64.26.  64.44;  H  8.26.  8.25.  C12H8O4.  Calculated  '7o:  C  63.71;  H  7.96. 

7.  Preparation  of  the  diethyl  ester,  a)  By  hydrogenation  of  the  diethyl  ester  of  acid  (I).  The  hydrogena¬ 
tion  was  carried  out  under  the  conditions  described  for  Expt.  6.  The  ester- a  colorless  liquid- was  isolated  by  two 
distillations. 

B.p.  146.5*  (4  mm),  n^®D  1.4687,  d^“4  1  0488,  MR^  67.53;  calc.  67.26. 

Found  %:  C  66.75,  66.44;  H  8.96,  8.86.  Ci4H2204.  Calculated  7o:  C  66.14;  H  8.66. 

b)  From  the  chloride  of  l-ethyl-3-cyclohexene-l,4-dicarboxylic  acid.  A  mixture  of  5.3  g  of  the  acid 
chloride  (b.p.  147-148*  at  3  mm)  (prepared  as  described  below)  and  3.5  g  of  anltydrous  alcohol  was  heated  on  a 
boiling  water  bath  for  2  hr.  Two  distillations  yielded  4.7  g  of  the  diethyl  ester. 

B.p.  149.5’ (4  mm),  n^^D  1.4712,  1.0507,  MRq  67.50. 

Found  C  65.82,  66.11;  H  9.21,  9.25. 

8.  Preparation  of  1- ethyl- 3-cyclohexcne-1.4-dicarboxylic  acid.  A  mixture  of  35  g  of  the  dimethyl  ester 
(b.p.  144-144.5’  at  5  mm)  and  23  g  of  KOH  dissolved  in  115  ml  of  alcohol  was  refluxed  for  5  hr.  The  salt,  which 
precipitated  when  the  reaction  mixture  was  cooled,  was  dissolved  in  200  ml  of  water.  Upon  acidification  of  the 
solution  with  25  ml  of  hydrochloric  acid  a  white  precipitate  formed;  m.p.  220-228*.  Recrystallization  yielded 
18.5  g  of  1- ethyl- 3- cyclohexene- 1,4- dicarboxylic  acid  in  tlie  form  of  lustrous  prisms  with  an  m.p.  of  233-234* 
(from  aqueous  methanol). 
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Found  %;  C  60.38,  60.34;  H  7.10,  7.47.  CioHyO^.  Calculated  C  60.60;  H  7.07. 

p-Ethylbcnzoic  acid  was  prepared  by  the  action  of  sulfuric  acid  on  this  acid  under  conditions  analogous  to 
those  described  for  Expt.  4. 

9.  Preparation  of  the  dichloride.  A  mixture  of  5  g  of  the  acid  (m.p.  234*)  and  12  g  of  phosphorus  penta- 
chloride  was  heated  for  1.5  hr  on  a  boiling  water  bath.  After  removal  of  the  phosphoryl  chloride  and  distillation 
of  the  product  under  vacuum,  there  was  obtained  3.6  g  of  the  dichloride. 

B.p.  144-145*  (2  mm),  n^®D  1.5220,  1.2651. 

Found  7o:  Cl  30.20,  29.88.  CioHi202Cl2.  Calculated  Cl  30.16. 

Treatment  of  an  ether  solution  of  the  chloride  with  gaseous  ammonia  gave  the  amide  of  l-ethyl-3-cyclo‘ 
hexene-1,4- dicarboxylic  acid.  The  crystals  melted  at  204*. 

C.  Preparation  of  1  -  Ethylcyclohexane  - 1,4  -  dicarboxylic  Acid  and  Its  Derivatives 

10  Preparation  of  the  dimethyl  ester .  A  solution  of  15.6  g  of  the  dimethyl  ester  of  1- vinyl- 3- cyclohex¬ 
ene- 1,4-dicarboxylic  acid  in  100  ml  of  alcohol  containing  0.1  g  of  palladous  chloride  was  hydrogenated,  first  at 
room  temperature  and  atmospheric  pressure,  and  then  at  70-80*  and  a  pressure  of  35  atm.  Distillation  of  the  reac¬ 
tion  product  yielded  the  dimethyl  ester  of  1- ethylcyclohexane- 1,4- dicarboxylic  acid. 

B.p.  109-110*  (3  mm).  n^^D  1.4580,  1.0697,  MBp  58.15;  calc.  58.99. 

Found  %:  C  63.09.  63.28;  H  8.71,  8.68.  C12H20O4.  Calculated  C  63.16;  H  8.77. 

11.  Preparation  of  the  diethyl  ester.  A  solution  of  12.4  g  of  the  diethyl  ester  of  vinylcyclohexenedicarbox- 
ylic  acid  in  68  ml  of  alcohol  containing  0.08  g  of  PdCl2  was  hydrogenated  under  the  conditions  described  for  the 
preparation  of  the  dimethyl  ester.  The  diethyl  ester  was  separated  by  vacuum  distillation. 

B.p.  125*  (0.5  mm),  1.4514,  1.0207,  MRd  67.63;  calc.  67.72. 

Found  C  64.74,  66.63;  H  9.92,  9.95.  C14H24O4.  Calculated  C  65.62;  H  9.38. 

12.  Preparation  of  the  di-n- dibutyl  ester.  The  preparation  of  this  ester  was  carried  out  in  a  manner  simi¬ 
lar  to  that  described  for  the  preparation  of  the  diethyl  and  dimethyl  esters.  The  ester,  after  two  distillations,  was 
a  colorless  liquid  with  a  weak  ester-like  odor. 

B.p.  165.6-166.5*  (1  mm),  n2®D  1.4542,  d^®4  0.9853,  MR^  85.16;  calc.  85.19. 

Found  C  68.70,  68.97;  H  10.73,  10.32.  C18H32O4.  Calculated  ‘To;  C  69.23;  H  10.25. 

13.  Preparation  of  the  monomethyl  ester.  A  mixture  of  3  g  of  the  dimethyl  ester  of  1-ethylcyclohexane- 
1,4- dicarboxylic  acid  (b.p.  109-110*  at  3  mm)  and  8  g  of  concentrated  hydrochloric  acid  was  allowed  to  stand  at 
room  temperature  for  18  hr.  The  precipitated  crystals,  2.1  g,  were  recrystallized  from  water;  the  square  prisms 
melted  at  112-114*,  and  were  readily  soluble  in  acetone,  ethyl  acetate,  and  ethyl  and  methyl  alcohols. 

Found  %:  C  61.08,  61.94;  H  8.62.  9.44;  Hact  0-472,  0.460.  CnHu,04.  Calculated  C  61.68;  H  8.41; 

Hact  0.470. 

14.  Preparation  of  the  monoethyl  ester.  A  mixture  of  5  g  of  the  diethyl  ester  of  1- ethylcyclohexane- 1,4- 
dicarboxylic  acid  (b.p.  127*  at  1  mm)  and  2.2  g  of  KOH  dissolved  in  15  ml  of  alcohol  was  refluxed  for  2  hr.  The 
solvent  was  evaporated  under  vacuum,  and  the  residue  (the  potassium  salt)  was  dissolved  in  water.  The  aqueous 
solution  was  made  acid  with  hydrochloric  acid.  The  oil  which  separated  from  the  acid  solution  was  extracted 
with  ether,  and  the  ether  solution  was  distilled  under  vacuum.  There  was  obtained  1.8  g  of  a  fraction  with  a  b.p. 
of  178-181*  (2  mm)  and  an  m.p.  of  56-61*.  After  being  twice  tecrystallized  from  ligroin,  the  small  cubes  melted 
at  61-  62*. 

Found  %:  C  63.22,  63.17;  H  9.23;  0-428,  0.428.  C12H20O4.  Calculated  C  63.16;  H  8.77;  Hact. 

0.442. 

15.  Preparation  of  1-ethylcyclohexanedicarboxylic  acid.  A  mixture  of  10  g  of  the  diethyl  ester  of  ethyl - 
cyclohexanedicarboxylic  acid  and  20  g  of  concentrated  hydrochloric  acid  was  heated  in  a  sealed  tube  at  200*  for 
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5  hr.  When  the  mixture  was  cooled,  crystals  (7.7  g)  with  an  m  p.  of  148-151*  separated.  Two  recrystallizations 
of  the  material  from  water  yielded  square  prisms  with  an  m.p.  of  156-157*.  These  crystals  were  soluble  in  meth¬ 
yl  and  ethyl  alcohols,  acetone,  ether,  and  acetic  acid,  and  were  insoluble  in  chloroform. 

Found  C  60.07,  59.92;  H  8.87,  8.84;  H^ct  l  OlS.  1.019.  C10H16O4.  Calculated  C  60.00;  H  8.00; 
Hact  l 

16.  Preparation  of  the  dichloride.  A  mixture  of  4  g  of  the  acid  (m.p.  155-156*)  and  10.5  g  of  phosphorus 
pentachloride  was  heated  for  2  hr  on  a  boiling  water  bath.  The  reaction  product  was  distilled,  and  3.6  g  of  the 
dichloride  was  obtained.  The  dichloride  had  a  b.p.  of  132-132.5*  (3  mm),  n^®D  1.4972. 

Found  %:  C  51. 61,  51.73;  H  6.31,  6.29;  Cl  30.3,  30.2.  CioHmOjCIj-  Calculated  °!o:  C  50.63;  H  5.90; 

Cl  29.9. 


SUMMARY 

1.  The  interaction  of  vinylacetylene  with  nickel  carbonyl  and  alcohols  was  investigated.  The  reaction 
yields  esters  of  1- vinyl- 3-cyclohexene- 1,4-dicarboxylic  acid. 

2.  Catalytic  hydrogenation  of  these  esters  over  palladium  resulted  in  the  formation  of  products  of  the  ad¬ 
dition  of  two  and  of  four  atoms  of  hydrogen  to  the  ester.  The  first  products  were  derivatives  of  1- ethyl- 3- cyclo¬ 
hexene -1,4-dicarboxylic  acid  (or  the  isomeric  1-vinylcyclohexane- 1,4-dicarboxylic  acid).  The  second  products 
were  derivatives  of  1-ethylcyclohexane- 1,4-dicarboxylic  acid. 

3.  The  preparation  and  properties  of  various  derivatives  (esters,  acids,  acid  chlorides,  amides,  etc.)  of  ihe 
above  acids  are  described. 


LITERATURE  CITED 

1.  E.  V.  Volkova,  Dissertation  (Moscow,  1949);  A.  Ya.  Yakubovich  and  E.  V.  Volkova,  Doklady  Akad.  Nauk 
SSSR,  M,  1183  (1952). 

2.  L.  Gattcrman  and  A.  Rossolymo,  Ber.  1193  (1890). 

3.  W.  Reppe,  Acetylene  chemistry,  N.Y.,  158  (1949). 

4.  C.  Marvel  and  N.  Blace,  J.  Am.  Chem.  Soc.  3'^  (1949). 

5.  R.  Ya.  Levina  and  F.  F.  Tsurikov,  Zhur.  Obshch.  Khim.  4  1250  (1934). 

6.  S.  V.  Lebedev  and  N.  A.  Skavronskay»,  Zhur.  Russ.  Khim.Obsh.  43,  1127  (1911). 

7.  H.  Aschenbrandt,  Lieb.  Ann.  21j6.  221  (1883). 

8.  W.  Emerson,  J.  Heyd,  V.  Lucas  et  al.,  J.  Am.  Chem.  Soc.  674  (1946). 

9.  A.  I.  Kireeva,  Dissertation  (Moscow,  1949). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


3935 


REACTION  OF  ALDEHYDES  WITH  TRIALKYL  PHOSPHITES 


V.  A.  Ginsburg  and  A.  Ya.  Yakubovich 

Translated  from  Zhurnal  Obshchci  Khimii,  Vol.  30,  No.  12,  pp.  3979-3987, 

December,  1960 

Original  article  submitted  July  31,  1959 

A  number  of  papers  have  been  devoted  to  the  reaction  of  aldehydes  with  trialkyl  phosphites,  in  which  it  was 
indicated  that  aliphatic  and  aromatic  aldehydes  form  esters  of  (l-alkoxyalkyl)phosphonic  acids  [1],  whereas  the 
a, 6- unsaturated  aldehydes  give  1,4-addition  products  [2,  3];  the  esters  of  phenylphosphonous  acid  react  in  a  simi¬ 
lar  manner  [4]. 

n(:ii=o  h(C2ii50)3P  — >  (C2n50)2P(0)Cii{R)0C2H5  (D 

Gll2=CI!-CII=0  +  (C2H50)3P  — »  (C2H50)2P{0)CH2-CH=CH0C2H5  (2) 

In  the  enumerated  papers  the  decision  as  to  the  structure  of  the  obtained  compounds  was  based  mainly 
on  the  phosphorus  analysis  and  the  molecular  refraction  values.  Only  for  the  reaction  product  of  trialkyl  phosphite 
and  acrolein  was  it  shown  that  the  hydrolysis  of  this  compound  leads  to  the  formation  of  phosphonopropionaldo- 
hyde.  On  the  assumption  that  these  data  are  not  sufficient  to  prove  the  described  transformations,  we  deemed  it 
expedient  to  return  to  their  study. 

Starting  with  triethyl,  tripropyl  and  tributyl  phosphites  and  several  aldehydes,  including  both  unsaturated 
and  aromatic  aldehydes,  we  prepared  a  number  of  phosphorus- containing  derivatives,  the  constants  and  analysis 
data  for  which  are  given  in  the  table. 

The  analysis  data  and  the  molecular  weights  of  the  obtained  products  indicate  that  only  the  reaction  prod¬ 
ucts  of  the  phosphites  with  aromatic  aldehydes  (benzaldehyde,  but  not  salicylaldehyde)  have  a  structure  corre¬ 
sponding  to  scheme  (1);  the  composition  of  the  reaction  product  of  phosphite  and  acrolein  corresponds  to  scheme  2. 
A  different  situation  exists  in  the  case  of  the  reaction  products  of  trialkyl  phosphites  and  aliphatic  aldehydes,  the 
composition  of  which,  especially  the  amount  of  alkoxy  groups,  differs  materially  from  that  calculated  in  accord¬ 
ance  with  scheme  1.  At  the  same  time,  the  method  used  to  determine  the  alkoxy  groups  in  the  case  of  compounds 
Nos.  5  and  8  (table)  and  also  the  specially  synthesized  diethyl  ester  of  methoxymethylphosphonic  acid  (No.  7, 
table)  proved  to  be  satisfactory. 

The  structure  of  the  reaction  products  of  trialkyl  phosphites  and  aliphatic  aldehydes  was  studied  on  the 
example  of  butyraldehyde.  It  proved  that  the  same  (l-hydroxybutyl)phosphonic  acid  (m.p.  162*)  was  formed  in 
all  cases  when  compounds  Nos.  2,  3  and  4  were  hydrolyzed  with  hydrochloric  acid.  In  addition  to  the  Indicated 
acid,  some  unidentified  tarry  substances  are  formed  in  the  hydrolysis.  However,  if  the  hydrolysis  is  run  under 
mild  conditions,  comparable  to  those  used  for  hydrolysis  of  acetals  [6],  it  becomes  possible  to  isolate  butyralde¬ 
hyde  in  70%  yield.  The  other  product  that  is  formed  here  proved  to  be  the  corresponding  ester  of  (1-hydroxybu- 
tyl)phosphonic  acid.  The  infrared  spectrum  of  compounds  Nos.  2,  3  and  4  does  not  show  absorption  in  the  region 
of  the  C  =  G  and  C  =  O  bonds  (5.5- 6.5  p  ).  All  of  this  information  makes  it  possible  to  assign  the  following  struc¬ 
ture  to  the  indicated  compounds  and  to  depict  the  hydrolysis  scheme  as  follows; 
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C)C2H5  42.9.  M  210.  Purer  samples  of  compound  No.  2  are  obtained  if  butyraldehyde  is  reacted  with  triethyl  phosphite  that  had  been  previously 
distilled  from  sodium,  with  the  reactants  taken  in  the  ratio  of  1  mole  of  aldehyde  and  2  moles  of  phosphite. 

•  *Because  of  the  common  presence  of  both  methoxyl  and  ethoxyl  groups  m  the  compound,  the  separate  determination  of  which  is  difficult,  we  de¬ 
termined  the  total  amount  of  alkoxy  groups. 


cii3Cii.^cii.^cii|Ocii(on)Cii2Cii2CH3)PO(OR)., 


coned. 

(:ii;,cii2<:ii2(:ii(0ii)P0(0i! ).  cn3Cii2cn2Cii(Oii)PO(OR)2  + 

1  C1I3CH2C1I2CI10  4- non 


If  the  presented  formula  is  valid,  then  in  the  investigated  products  Nos.  2,  3  and  4  two  kinds  of  alkoxyl 
groups  should  be  present  on  the  phosphorus  and  on  the  carbon.  Actually,  when  tlie  reaction  products  of  butyralde- 
hyde  with  tricthyl  and  tripropyl  phosphites  are  treated  with  phosphorus  pentachloride  they  are  converted  to  the  di¬ 
chlorides,  which  decompose  partially  on  distillation  and  contain  an  unsubstituted  alkoxy  group.  It  is  interesting 
to  mention  that  in  the  described  reaction  a  third  chlorine  atom  enters  the  molecule  of  the  starting  compound. 
This  chlorine  atom  cannot  be  detected  by  hydrolysis  with  water,  and  it  may  be  assumed  that  it  is  found  on  the 
carbon  attached  to  the  phosphorus,  the  ease  of  chlorination  of  which  we  had  mentioned  earlier  [7].  Refluxing  the 
acid  chloride  with  hydrochloric  acid  results  in  cleavage  of  the  organophosphorus  bond  and  the  formation  of  phos¬ 
phorous  and  phosphoric  acids,  as  had  been  described  for  the  a-ketophosphonic  acid  [8],  apparently  formed  as  an 
intermediate  product  in  our  case. 


r,ii.,r,n.,cn2cr,iiocii(OR)CH2cn2CH3iPOCi2— ►  (CM3Cii.,CH2CCi(OH)PO(on)2-^ 

(4) 

— ♦  cn3CH2CH2COPO(OH)2)  — *•  iiPO{on)2-hcn3CH2CH2COOH 

Together  with  the  described  products,  when  trialkyl  phosphites  are  reacted  with  aldehydes,  with  the  latter 
taken  in  excess  (1  mole  of  phosphite  per  2  moles  of  aldehyde),  a  certain  amount  of  a  higher  boiling  phosphorus- 
containing  product  is  obtained,  the  composition  of  which  corresponds  to  the  addition  of  three  moles  of  aldehydes 
to  the  trialkyl  phosphite,  (RO)3P  •  3R*CHO.  Hydrolysis  of  this  substance  gives  butyraldehyde  and  phosphoric  acid, 
and  also  a  small  amount  of  fractions  with  b.p.  40-50*  and  75-80®,  devoid  of  phosphorus.  These  two  fractions  give 
derivatives- the  hydrazoncs  and  semicarbazones,  corresponding  to  butyraldol  and  two  carbonyl  compounds  CgHjeO. 
the  structure  of  which  was  not  investigated.  The  formation  of  these  substances  indicates  that  under  the  influence 
of  phosphites  the  aldehydes  undergo  various  condensation  processes,  the  rates  of  which  are  so  great  that  for  aliphat¬ 
ic  aldehydes,  even  with  an  excess  of  phosphite  present  (3  moles  per  mole  of  aldehyde),  it  becomes  impossible  to 
isolate  the  adduct  of  composition  R’CH(OR)PO(OR)2. 


The  investigated  reaction  of  addition  of  neutral  phosphites  to  aldehydes  is  a  particular  case  of  a  larger 
group  of  reactions,  in  which  trivalcnt  phosphorus  compounds  play  the  role  of  "ansolvo  bases."  A  detailed  survey 
of  these  transformations  is  given  in  [10]  on  the  examples  of  trialkyl-  or  triarylphosphines.  The  specificity  of  the 
phosphites  consists  in  the  instability  of  their " phosphonium"  derivatives  (stage  B),  which  exhibit  a  tendency  to 
eliminate  the  alkyl  radical,  migrating  as  cations  to  the  place  of  the  greatest  electron  density  of  the  reaction  com¬ 
plex  (stage  C). 


«’CH  =  0  P(0R)3 - - 

r'lh(0R)P0(0R)2 


r’ch=o 

— -  R'CH-o'- 

t 

,.,l  , 

,  P(0R), 

P(0R)3 

(A) 

(B) 

lR0)jP  .tttO-R 


(C) 


(5) 


The  primary  addition  product  (A)  may  be  regarded  as  being  a  ir -complex,  formed  by  insertion  of  the  phos¬ 
phorus  atom,  having  an  unshared  electron  pair,  at  the  ir-bond  of  the  C  =0  group.  In  the  case  of  certain  reactions 
of  phosphines,  the  formed  n  -complex  is  stabilized  to  the  comparatively  stable  bipolar  ion,  for  example,  as  de¬ 
scribed  in  [10]. 


,^^^CH  =  C{CN)2 

R 


K  I 


PR, 


(B) 
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In  the  reaction  of  trialkyl  phosphites  with  carbonyl  compounds  the  formation  of  the  tt-  complex  should  fa¬ 
cilitate  the  introduction  of  negative  substituents  into  the  molecule  of  the  latter  compounds.  Stabilization  of  the 
reaction  complex  in  such  case  is  possible  along  two  directions.  In  accordance  with  the  above  described  scheme 
(5)  for  the  formation  of  a-alkoxyphosphonic  esters,  the  primary  addition  product  is  apparently  capable  at  stage 
(A)  or  (B),  in  the  presence  of  other  electrophilic  compounds,  of  reactions  of  the  anionotropic  telomerizationtype. 
In  our  case  this  process  leads  to  obtaining  addition  products  composed  of  1  mole  of  phosphite  and  2  moles  of  alde¬ 
hyde. 


R'CH-O(-)  RT.n-O-CIIR'— O(-) 

I  4-  R'Cn=0  —  I 

(^)I’(0R)3  (^)1’(0R)3 

(B) 


R'CnOCIIR'(OR) 

I 

PO(OR)., 


(V 


The  second  possible  direction  of  reaction  is  accomplished  by  the  Perkov  rearrangement  with  formation  of 
the  C  -0-P  linkage. 


R'Cn=0 

A 

p(onh 

(A) 


IR'cn]f-)-o— p»+)(OR)3 

(D) 


(8) 


Here  for  halogenated  carbonyl  compounds  a  stabilization  of  the  intermediate  stage  (D)  occurs  via  cleavage 
of  the  halogen  atom,  which  is  facilitated  by  the  presence  of  the  cationized  alkyl  of  the  phosphonium  group. 


[CCi3Cn](-)-oin-*-)(OR).T-^(cci,=cii-opi+.{OR).,| 
(D)  r,i(-r 

— >  CCl,-CIl-OPO(OR)o4- RCl 


(9) 


The  formation  of  complex  products  in  the  discussed  reaction  of  phosphites  with  aldehydes,  including  the  ad¬ 
dition  products  of  1  mole  of  phosphite  and  3  moles  of  aldehyde,  which  on  hydrolysis  give  aldehyde  and  phosphoric 
acid,  is  apparently  the  consequence  of  the  second  direction  of  the  process,  for  example,  in  accordance  with  the 
scheme: 


R’CII=0 

t 

i*{on)3 


(R'CII1(-)-OPv+){OR)3  -I-  R'CII=0 


R'CI1-CII(R')0P(*H0R)3  — 
O(-) 


R'ClI-OCIlR'— CIl(R')OPr)(OR)3 

o(-> 


R'C;i(OR)OCn(R')Gn(R')OPO(OR)., 


(10) 


EXPERIMENTAL 

1.  Reaction  of  triethyl  phosphite  with  acetaldehyde.  A  mixture  of  2.8  g  of  freshly  distilled  acetaldehyde 
and  10.5  g  of  triethyl  phosphite,  distilled  from  sodium,  was  heated  in  a  sealed  ampul  at  140-150*  for  6  hr.  By 
repeated  fractional  distillation  we  were  able  to  isolate  1.8  g  of  a  colorless  viscous  liquid. 

B.p.  142*  (5  mm),  d^®20  l-HO.  1.4260. 

Found  %:  C  47.42,  47.26;  H  8. 82,  8.60;  P  11.28,  11.69;  (XjHs  49.80,  49.84.  M  246.5.  C10H23O5P. 
Calculated  %:  C  47.25;  H  9.08;  P  12.2;  OC2H5  53.25.  M  254. 

2.  Reaction  of  Triethyl  Phosphite  with  Butyraldehyde 

a)  Using  1  mole  of  phosphite  per  mole  of  aldehyde.  The  same  as  before,  a  mixture  of  17.0  g  of  triethyl 
phosphite  and  7. 75  g  of  butyraldehyde  was  heated  in  a  sealed  ampul.  Two  fractions  were  isolated  on  repeated 
fractional  distillation;  1st,  b.p.  117-123*  (2  mm),  d^^  1-023,  n^“D  1.4345  (2.6  g),  and  2nd,  b.p.  140*  (1  mm). 
d^®20  0.990,  n^“D  1.4385  (2.5  g). 

The  residue  in  the  distillation  flask  was  a  viscous  liquid  (3  g),  from  which  a  substance  with  b.p.  145-155* 
(1  mm)  and  higher  was  isolated. 
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Analysis  of  the  1st  fraction  gave  the  following  results: 

Found  %:  C  46.86,  47.22;  H  8.48.  8.00;  P  12.84,  12.61;  OCgHs  37.10,  37.38.  M  223.  CgHigO^P.  Calcu¬ 
lated  C  45.6;  H  9.06;  P  14.8;  OGjlls  42.8.  M  210. 

Infrared  spectrum:  strong  absorption  bands  at  2.90-2.95  p  (OH  group)  and  at  8.0-8.15|ij  (P  =  O  groups).* 

A  mixture  of  3  g  of  this  fraction  and  20  ml  of  hydrochloric  acid  was  heated  under  reflux  for  3  hr.  Evapora¬ 
tion  of  the  mixture  in  vacuo  gave  us  1.7  g  of  crystals  with  m.p.  162"  (from  a  mixture  of  acetic  acid  and  acetone). 

Found  %•.  C  31.47,  31.58;  H  6.82,  7.04;  P  19.56,  19.86.  Equiv.  158.0,  159.5  (usingMethyl  orange);  78.4, 

78.55  (using  phenolphthalein).  C4Hji04P.  Calculated  C  31.2;  H  7.15;  P  20.00.  M  154. 

One  gram  of  the  obtained  acid  in  alcohol  was  treated  with  aniline.  After  recrystallization  from  alcohol, 
m.p.  147’  (decomp.). 

Found  *70;  C  48.21,  48.35;  H  6.55,  6.85;  N  5.43,  5.46;  P  12.69,  12.41.  C10HUO4NP.  Calculated  ‘7o:C  48.5; 

H  7.3;  N  5.67;  P  12. 6. 

As  a  result,  the  investigated  fraction  is  impure  diethyl  ester  of  (l-hydroxybutyl)phosphonic  acid.  The  melt¬ 
ing  point  of  authentic  (l-hydroxybutyl)phosphonic  acid,  obtained  by  the  hydrolysis  of  the  addition  product  of  di¬ 
ethyl  phosphite  [5]  to  butyraldehyde,  is  162".  The  mixed  melting  point  was  not  depressed. 

For  the  2nd  fraction  (b.p.  140"  at  1  mm)  the  found  values  for  the  amount  of  C,  H,  P,  and  CXi:2H5  show  good 
agreement  with  those  calculated  for  the  formula  Ci4H3i05P. 

The  infrared  spectrum  does  not  have  absorption  bands  in  the  region  of  the  valence  vibrations  of  the  OH  group 
and  the  C  =  C  and  C  =  O  bonds.  A  strong  absorption  band  is  found  at  8.0-8.15  p  (P  =0  group).  Three  grams  of 
this  fraction  was  hydrolyzed  with  20  ml  of  hydrochloric  acid,  as  described  above.  After  extraction  of  the  water- 
insoluble  brown  tar  with  ether,  the  hydrochloric  acid  solution  was  evaporated.  Here  we  obtained  1,3  g  of  an  acid 
witli  m.p.  162"  (from  acetic  acid),  which  failed  to  depress  the  melting  point  when  mixed  with  a  sample  of  authen¬ 
tic  (l-hydtoxybutyl)phosphonic  acid.  The  analysis  data  for  the  acid  and  its  aniline  salt  coincide  with  those  given 
above. 

b)  Using  1  mole  of  triethyl  phosphite  per  2  moles  of  butyraldehyde.  Repeated  fractional  distillation  of  the 
products  obtained  from  the  reaction  (carried  out  under  the  above  described  conditions)  of  20  g  of  triethyl  phos¬ 
phite  and  18  g  of  butyraldehyde  gave  the  following  fractions;  1st,  b.p.  120-125"  (2  mm),  2.5  g,  d^®20  1-030, 
n^°D  1.4350;  2nd,  b.p.  140-142"  (2  mm),  6.5  g,  0.9853,  n^^D  1.4385;  3rd,  b.p.  150-153"  (1  mm),  3.5  g, 
d^°20  1010,  n^^D  1.4455. 

The  1st  fraction  analyzes,  in  °!o:  C  48.78,  48.45;  H  9.61.  9.86;  P  12.29,  12.70;  43.34.  M  227.  Hy¬ 

drolysis  of  the  fraction  yields  an  acid  with  m.p.'  160-162".  The  substance  was  identified  as  impure  diethyl  ester 
of  (l-hydroxybutyl)phosphonic  acid  (see  Expt.  2a). 

The  2nd  fraction  analyzes,  in  %  C  54.34,  54.39;  H  9.73,  9.60;  P  10.68,  10.42;  OC2H5  42.90,  42.63.  M  310. 

As  a  result,  based  on  the  analysis  data  and  the  constants,  the  substance  is  identical  with  the  corresponding 
product  obtained  in  Expt.  2a. 

Hydrolysis  of  the  2nd  fraction  under  mild  conditions.  Five  grams  of  the  substance  in  30  ml  of  SO^o  aqueous 
dioxane  solution,  containing  2^/o hydrochloric  acid,  was  heated  for  30  min,  after  which  the  solution  was  extracted 
with  150  ml  of  ether  and  the  ether  extract  was  dried  over  magnesium  sulfate.  Half  of  the  extract  was  treated  with 
2,4-dinitrophcnylliydrazine  solution  until  no  more  hydrazone  precipitated.  The  total  yield  of  the  hydrazone  was 
1-4  g,  including  that  obtained  from  the  evaporation  of  the  ether. 

B.p.  121-122"  (from  aqueous  alcohol). 

Found  %:  C  47.62,  47.73;  H  4.75,  4.41;  N  21.9,  22.12.  CioH^04N4.  Calculated  %  C  47.75;  H  4.75;  N  22.2. 

•The  infrared  spectra  of  this  and  the  other  compounds  described  here  were  graciously  run  by  S.  S.  Dubov,  for 
which,  and  also  for  the  joint  discussion  of  the  obtained  data,  we  wish  to  express  our  sincere  thanks. 
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The  mixed  melting  point  v/ith  authentic  brtyraldjhyde  hydrazone  was  not  depressed.  The  yield  of  the  hy- 
drazone  was  about  IQ^k  After  distilling  off  the  solvent,  the  second  half  of  the  ether  extract  was  fractionated. 

Here  we  obtained  about  1.35  g  of  a  fraction  with  b.p.  120-123*  (2  mm),  d“®20  1-027,  and  n‘°D  1.4345,  in  its  con¬ 
stants  corresponding  to  the  diethyl  ester  of  (l-hydroxybutyl)phosphonic  acid.  The  yield  of  the  ester  was  80'7a-  The 
aqueous  layer  of  the  hydrolyzate  was  evaporated  in  vacuo  to  remove  the  water  and  here  we  obtained  0.2  g  of  (1- 
hydroxybutyl)phosphonic  acid  with  m.p.  159- IGO*. 

Treatment  of  the  2nd  fraction  with  phosphorus  pentachloride.  Eight  grams  of  the  2nd  fraction  was  added  • 
gradually  to  24  g  of  phosphorus  pentachloride,  after  which  sulfur  dioxide  was  passed  into  the  reaction  mixture  un* 
til  all  of  the  precipitate  had  dissolved.  After  two  fractional  distillations  wc  obtained  2.7  g  of  an  acid  chloride 
with  b.p.  150-155*  (1  mm),  which  decomposed  partially  when  distilled,  and  was  stored  in  solid  carbon  dioxide; 
d^®20  1-256.  n2°D  1.4665. 

Found  C  35. 48,  35.97;  H  5.83.  5.76;  P  10.23, 10. 53;Cltotal  33-27,  33. 15;Clhydrolyzable  22  10,  22.55; CX:2H5. 
11.25,  11.97.  M  293.  CioUzoGaPClj.  Calculated  %:  C  36.8;  H  6.15;  P  9.5;  Cltotal  32  3;Cljjyjjj.oiy2able  21.8;OC2H5 
13.8.  M  325.5. 

Hydrolysis  of  tlie  acid  chloride.  A  mixture  of  2  g  of  the  acid  chloride  and  15  ml  of  hydrochloric  acid  was 
refluxed  for  5  hr.  The  brown  tarry  reaction  mass  was  extracted  with  ether,  after  which  the  water  layer  was  evap¬ 
orated  in  vacuo.  The  oily  residue,  giving  a  positive  tost  for  phosphoric  acid  (molybdate  reagent)  and  for  phospho¬ 
rous  acid  (test  with  n  ercuric  chloride),  was  treated  with  3  g  of  aniline.  Hero  we  obtained  1.3  g  of  colorless  ani¬ 
line  phosphate  crystals,  which  after  rccrystallization  from  aqueous  alcohol  had  m.p.  145*147*  (decomp. ).^  The 
substance  docs  nor  contain  chlorine. 

Found  %:  C  50.95,  51.22;  H  6.31.  6.51;  N  9.94.  9.80;  P  10.87,  10.75.  C12H17O4N2P.  Calculated  %:  C  51.1; 

H  6.0;  N  9.85;  P  10.9. 

Analysis  of  the  3rd  fraction  gave  the  following  results; 

Found  <^o:  C  55.98,  56.23;  H  4.87,  5.10;  P  8.49,  8.60;  OC2H5  35.45,  35.47.  M  377.  CisHagOgP.  Calculated ‘7c;: 

C  56.5;  H  4.72;  P  8.15;  OCjHg  35.4.  M  384. 

Hydrolysis  of  the  substance  by  refluxing  with  hydrochloric  acid  gave  phosphoric  acid.  Hydrolysis  with  2% 

HCl  in  50*70 aqueous  dioxane  solution  gave  butyraldehyde,  isolated  as  the  dinitrophenylhydrazone  with  m.p.  121*. 
The  mixed  melting  point  with  the  authentic  hydrazone  was  not  depressed. 

c)  Reaction  using  3  moles  of  tricthyl  phosphite  per  mole  of  butyraldehyde.  A  mixture  of  16.6  g  of  triethyl 
phosphite  and  2.4  g  of  butyraldehyde  was  heated  in  a  scaled  ampul  for  5  hr  at  140-150*.  The  following  fractions 
were  isolated  on  fractional  distillation;  v/ith  b.p.  120-123*  (2  mm),  0.1  g,  and  with  b.p.  137*141*  (1  mm),  1.7  g, 
d^®20  1-011.  n'®D  1.4380,  and  analyzing  in  %:  C  54.31,  54  13; H 9.06, 8  85; OC2II54I.98,  41.70.  M300  This  corre¬ 
sponds  to  the  analysis  data  and  constants  for  the  principal  reaction  product  obtained  in  Expts.  2  a  and  2b.  and  hav¬ 
ing  the  formula  Ci4H3205P. 

3.  Reaction  of  tripropyl  phosphite  with  butyraldehyde.  A  mixture  of  13.0  g  of  tripropyl  phosphite  and  9  g 
of  butyraldehyde  was  heated  in  a  sealed  ampul  for  8  hr  at  150*.  Repeated  fractional  distillation  gave  die  follow¬ 
ing  fractions;  1st,  b.p.  40-50*  (5  mm),  0.4  g;  2nd,  b.p.  75-80“  (5  mm),  1.5  g,  d^®20  0.975,  n’®D  1.4450;  3rd, 
b.p.  144-  145*  (1  mm),  9.5  g.  d^®20  0.9-43,  n^®D  1.-4400  ;  4th,  b.p.  168-170*  (1  mm),  2  g,  d^^  0,965,  n^®D  1.4500. 

The  1st  fraction  (0.5  g)  was  treated  with  a  solution  of  dinitrophenylhydrazine.  Here  we  obtained  0.85  g  of 
yellow  crystals,  which  by  repeated  rccrystallization  from  alcohol  were  separated  into  0.3  g  of  comparatively  solu¬ 
ble  crystals  with  m.p.  83*  and  0.2  g  of  difficultly  soluble  crystals  with  m.p.  120*;  die  mixed  melting  point  of  the 
substance  with  authentic  butyraldehyde  hydrazone  is  dcpres.sed  sharply  (m.p.  87-89*).  Both  products  are  devoid  of 
phosphorus. 

Analysis  of  crystals  with  rn.p.  83*. 

Found  C  52.27,  52.65;  H  5.64,  5.89;  N  17.82,  17.62.  C14H20O7N4.  Calculated  ^0:  C  52.0;  H  6.2;  N17.8. 

Analysis  of  crystals  with  m.p.  121*. 

Found  %  C  51.95,  52.07;  H  5. 83,  6.27;  N  17.21,  17.26.  C14II20O7N4.  Calculated  <70;  C  52.0;  H  6.2;  N  17.3. 

A  m.p.  of  120.5-121.5*  is  given  for  the  dinitrophenylliydrazone  of  2-ethylhexanal  [11], 
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From  0.5  g  of  the  2nd  fraction  we  obtained  0.5  g  of  a  semicarbazone.  M.p.  147-148*  (from  alcohol). 

Found  C  49.53,  49.85;  H  8.53.  8.64;  N  19.64.  19.38.  C9H19O3N3.  Calculated  C  49.8;  H  8.8;  N  19.4. 

A  m.p.  of  147"  is  given  for  the  semicarbazone  of  butyraldol  [9].  The  mixed  melting  point  of  the  above 
semicarbazone  with  the  semicarbazone  of  authentic  butyraldol  (b.p.  86-88"  at  6  mm,  d^°20  0.988,  n^°D  1.4960) 
was  not  depressed. 

For  the  3rd  fraction  the  found  percent  content  of  C,  H,  P,  and  OC3H7  and  the  molecular  weight  show  good 
agreement  with  the  values  calculated  for  CiyHjjOsP. 

Hydrolysis  of  the  3rd  fraction  in  coned,  hydrochloric  acid  by  the  above  described  method  gave  1.1  g  of 
(l-hydroxybutyl)phosphonic  acid  with  m.p.  162"(from  acetic  acid).  The  results  of  the  elemental  analysis  of  the 
acid  and  its  aniline  salt  for  C,  H  and  P,  and  the  values  of  the  gram- equivalents,  determined  by  titrating  weighed 
amounts  of  the  acid  in  the  presence  of  Methyl  orange  and  phenolphthalein  as  the  indicators,  correspond  to  (1-hy- 
droxybutyl)phosphonic  acid. 

The  hydrolysis  of  5  g  of  the  3rd  fraction  under  mild  conditions,  using  2% hydrochloric  acid  in  50%  aqueous 
dioxane  solution,  gave  1.2  g  of  butyraldehyde  dinitrophcnylhydrazone  (from  V2  of  the  hydrolyzate)  with  m.p,  121* 
and  1.5  g  of  the  dipropyl  ester  of  (l-hydroxybutyl)phosphonic  acid. 

B.p.  150-152"  (5  mm).  d^®20  0-981,  n^°D  1.4400. 

Found  %:  C  50.42,  50.35;  H  9.12,  9.48;  P  12.87,  12.78;  OC3H7  48.35.  48.63.  M  229.  C10H23O4P.  Calcu¬ 
lated  %:  C  50.5;  H  9.7;  P  13.0;  OC3H7  49.5.  M  238. 

Treatment  of  the  3rd  fraction  with  phosphorus  pentachloride.  The  3rd  fraction  (5.5  g)  was  added  in  drops 
to  15  g  of  PCI5,  and  on  conclusion  of  reaction  a  stream  of  802  passed  into  the  mixture  until  all  of  the  precip¬ 
itate  had  dissolved.  After  two  fractional  distillations,  accompanied  by  a  partial  decomposition  of  the  product,  we 
obtained  1.3  g  of  an  acid  chloride,  which  darkened  rapidly  in  the  air. 

B.p.  155-160*  (1  mm).  d2®20  1.163,  n^^D  1.4680. 

Found  7o:  C  38.61.  38.23;  H  6.98.  6.62;  P  10.01,  9.83;  32.04,  31.30;  Clhydrolyzable  20.55;  OC3H7 

18.09,  18.17.  M  305.5.  C11H22O3PCI3.  Calculated  %:  C  38.9;  H  6.5;  P  9.15;  Cltotal  31.5;  Clhydrolyzable  21.0; 
OC3H7  17.4.  M  339.5. 

Hydrolysis  of  the  acid  chloride  with  coned,  hydrochloric  acid  gave  a  mixture  of  phosphorous  and  phosphoric 

acids. 

Analysis  of  the  4th  fraction  gave  the  following  results: 

Found  %:  C  59.32.  59.37;  H  10.73,  10.79;  P  7.35.  7.60;  OC3H7  38.75,  38.65.  M  403.5.  C2iH250eP.  Calcu¬ 
lated  %:  C  59.5;  H  10.6;  P  7.34;  OC3H7  41.6.  M  424. 

Hydrolysis  of  the  4th  fraction  by  refluxing  with  coned,  hydrochloric  acid  resulted  in  pronounced  tarring  of 
the  substance  and  the  formation  of  phosphoric  acid  (test  with  molybdate  reagent).  Evaporation  of  the  aqueous  solu¬ 
tion  in  vacuo  failed  to  yield  any  crystalline  products. 

4.  Reaction  of  tributyl  phosphite  with  butyraldehyde.  A  mixture  of  1.45  g  of  butyraldehyde  and  5  g  of  tri- 
butyl  phosphite  was  heated  in  a  sealed  ampul  at  140-145"  for  6  hr.  By  repeated  fractional  distillation  we  were 
able  to  isolate  2.3  g  of  a  fraction  with  the  constants  and  the  analysis  given  in  the  table  for  C20H43O5P. 

Hydrolysis  of  the  substance  by  heating  with  coned,  hydrochloric  acid  gave  the  crystalline  (1-hydroxybutyl)- 
phosphonic  acid  with  m.p.  162". 

5.  Reaction  of  triethyl  phosphite  with  benzaldehyde.  A  mixture  of  8  g  of  triethyl  phosphite  and  11  g  of 
benzaldehyde  was  heated  in  a  sealed  ampul  at  150-160"  for  6  hr.  Fractional  distillation  led  to  the  isolation  of 
1.3  g  of  a  fraction  with  the  constants  and  the  analysis  given  in  the  table  for  Ci3H2i04P. 

6.  Reaction  of  triethyl  phosphite  with  salicylaldehyde.  Proceeding  in  the  same  manner  as  described  above, 
from  10  g  of  triethyl  phosphite  and  8  g  of  salicylaldehyde  we  obtained  2.1  g  of  a  fraction  with  the  constants  and 
the  analysis  given  in  the  table  for  compound  No.  6,  which  was  not  investigated  further. 
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7.  Preparation  of  diethyl  ester  of  meihox>Tnethylphosphonic  acid.  A  mixture  of  12  g  of  triethyl  phosphite 
and  4  g  of  chloromethyl  methyl  ether  was  heated  in  a  sealed  ampul  at  150*  for  6  hr.  Here  we  obtained  6.0  g  of 
the  diethyl  ester  of  mcthoxymcthylphosphonic  acid  (Table,  No.  7). 

8.  Reaction  of  triethyl  phosphite  with  acrolein.  Acrolein  (3.4  g)  was  added  slowly,  in  drops,  to  10  g  of  tri¬ 
ethyl  phosphite  in  15  ml  of  dry  ether,  after  wliich  tlie  mixture  was  heated  in  a  sealed  ampul  for  3  hr  at  100*.  We 
obtained  2.5  g  of  a  fraction  with  the  analysis  and  properties  given  in  the  table  (No.  8). 

SUMMARY 

A  study  was  made  of  the  reaction  of  trialkyl  phosphites  with  aliphatic  and  aromatic  aldehydes  and  it  was 
shovm  that  only  the  aromatic  aldehydes  (benzaldehyde)  form  addition  products  of  structure  R’CH(CR)PO(OR)2; 
acrolein  adds  the  trialkyl  phosphite  in  the  1,4- position.  Saturated  aliphatic  aldehydes  when  reacted  with  tiialkyl 
phosphites  form  addition  products  composed  of  two  and  tliree  moles  of  aldehyde  per  mole  of  phosphite;  the  first 
were  shown  to  have  the  structure  R’CH[C)CH(OR)R']PO(OR)2.  The  addition  products  containing  3  moles  of  aldehyde 
do  not  have  the  organophosphorus  linkage. 
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In  the  preceding  paper  [1]  we  had  shown  that  trialkyl  phosphites  react  with  aldehydes,  forming  addition 
products  at  the  carbonyl  group.  This  reaction  is  accompanied  by  condensation  of  the  aldehydes,  in  which  con¬ 
nection  it  was  established  that  only  aromatic  aldehydes  (benzaldehyde)  react  according  to  the  Abramov  scheme 
[2],  while  unsaturated  aldehydes  (acrolein)  react  according  to  the  scheme  of  Kamai  and  Kukhtin  [3].  It  was  in¬ 
teresting  to  determine  if  neutral  phosphites  are  also  capable  of  reacting  with  certain  other  classes  of  carbonyl 
compounds.  It  proved  that  under  the  investigated  conditions  the  simpler  ketones,  for  example  acetone,  do  not 
react  with  triethyl  phosphite,  whereas  diphenyl  ketone  reacts  vigorously  with  the  latter  even  in  the  cold.  It  was 
also  found  that  triethyl  phosphite  does  not  react  with  diethyl  oxalate,  containing  two  conjugated  C  =  O  bonds, 
even  at  temperatures  up  to  170*. 

The  reactivity  of  the  trialkyl  phosphites  toward  compounds  having  the  carbonyl  group  in  a  carboxyl  group 
found  in  conjugation  with  an  unsaturated  C  =  C  bond  was  investigated  by  us  on  the  examples  of  the  esters  of 
acrylic  and  methacrylic  acid. 

In  these  cases  it  was  naturally  assumed  that  it  is  also  possible  for  reaction  to  take  place  along  the  conju¬ 
gated  system  C  =  C-C  =  Oor  across  the  C  =  C  double  bond,  which  was  described  on  many  examples  of  other 
nucleophilic  compounds  of  trivalcnt  phosphorus- the  phosphines  [4],  while  for  the  phosphites  this  was  demon¬ 
strated  by  Pudovik  on  the  example  of  their  addition  to  allenes  [5]. 

The  trialkyl  phosphites  were  reacted  with  the  esters  of  acrylic  and  methacrylic  acid  by  heating  at  140- 
160“  for  several  hours  in  the  presence  of  a  small  amount  of  hydroquinone,  preventing  the  polymerization  of  the 
acrylates.  The  principal  products  of  the  reaction  of  triethyl  and  tributyl  phosphite  with  methyl  acrylate  are 
clear  colorless  oils,  which  on  hydrolysis  form  the  same  tribasic  organophosphorus  acid  with  m.p.  167“,  in  its 
melting  point  and  properties  identical  with  the  phosphonopropionic  acid  described  many  times  earlier  [6-8]. 

The  infrared  spectra*  of  the  obtained  esters  show  that  the  investigated  compounds  contain  the  carbonyl  group 
(V  5.8  p),  the  P  =  0  group  (v  8.0  p),  the  p-OC  {v  10.40  p )  and  PO-C  {v  9.8  p )  groups,  and  also  the  ester  group 
C~0  (V  8.55  p  ).  In  the  infrared  spectra  of  some  of  the  samples  weakly  defined  absorption  bands  were  found  in 
the  regions  of  the  Q-H  (2.8  p  )  and  C  =  C  (6.2- 6.3  p  )  bonds,  w'hich,  however,  disappeared  when  the  fractions 
were  washed  with  bromine  water,  and  consequently  are  due  to  the  presence  of  small  amounts  of  impurities. 

These  spectroscopic  data,  combined  with  the  analysis  results  for  C,  H,  P,  and  OR  (three  alkoxy  groups)and 
the  molecular  weight,  and  also  a  comparison  of  the  constants  of  the  isolated  products  with  those  of  compounds 
described  in  the  literature  [9,  7,  12],  conclusively  indicate  that  the  obtained  substances  are  respectively  the  tri¬ 
ethyl  and  tributyl  esters  of  phosphonopropionic  acid  (R0)2P(0)CH2CH2C00R.  The  triethyl  ester  of  phosphono¬ 
propionic  acid,  prepared  by  us  for  comparison  by  the  reaction  of  triethyl  phosphite  with  acrylic  acid  [10],  had 

•We  wish  to  thank  S.  S.  Dubov,  who  was  kind  enough  to  analyze  the  infrared  spectra  of  the  compounds  described 
in  this  paper. 
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the  same  constants,  analysis,  and  infrared  spectral  characteristics  as  the  reaction  product  of  triethyl  phosphite 
with  methyl  acrylate.  In  a  similar  manner,  the  reaction  of  triethyl  phosphite  with  methyl  methacrylate  yields 
the  triethyl  ester  of  phosphonoisobutyric  acid  (RO)2P(OX3H2CH(CH3)COOR,  while  reaction  with  acrylonitrile  yields 
the  ester  of  phosphonopropionitrile  (R0)2P(0)CH2CH2CN,  identified  by  the  analysis  and  constants,  corresponding 
to  those  given  in  the  literature  [8,  11],  and  also  by  its  hydrolysis  to  phosphonopropionic  acid.  The  obtained  results 
primarily  indicate  that  phosphites  do  react  with  acrylic  systems,  reacting  predominantly  with  the  unsaturated 
C  =  C  bond,  and  not  witli  the  carbonyl  or  nitrile  groups. 

The  formation  of  phosphonopropionic  acid  derivatives  (or  of  phosphonoisobutyric  acid  derivatives  in  the 
case  of  methyl  methacrylate),  containing  phosphite  and  not  methyl  radicals  in  the  carboxyl  groups,  when  meth¬ 
yl  acrylate  or  methyl  methacrylate  reacted  with  either  triethyl  or  tributyl  phosphite  can  be  explained  by  simul¬ 
taneously  progressing  transesterification  [13,  14].  As  a  matter  of  fact,  in  the  reaction  of  butyl  acrylate  with  tri¬ 
ethyl  phosphite,  where  difficulty  could  be  expected  in  exchanging  the  butyl  radical  bythe  lighter  ethyl  group, 
the  obtained  ester  had  two  ethoxy  and  one  butoxy  group.  Since  the  trialkyl  phosphites  used  in  our  work  were 
carefully  purified  from  dialkyl  phosphites  and  the  possibility,  for  example,  of  the  reaction 

(no)2i’(0)H +  0112=01100211?  — ►  (no)2P(0)CH2GH2002R' 

was  excluded,  then  the  conversion  of  the  acrylic  and  methacrylic  esters  to  phosphorus- containing  propionic  and 
isobutyric  acid  derivatives  when  reacted  with  trialkyl  phosphite  proved  to  be  somewhat  unexpected. 

f 

Together  with  the  indicated  compounds,  the  reaction  of  triethyl  phosphite  with  methyl  acrylate  also  yields 
higher  boiling  addition  products  of  two  and  even  three  moles  of  the  acrylate  to  one  mole  of  the  phosphite  and, 
besides  this,  p-diethoxybenzene. 

Since  phosphites  do  not  display  a  tendency  to  alkylate  alcohol  and  phenols  and,  for  example,  p-diethoxy- 
benzene  is  not  formed  when  triethyl  phosphite  is  reacted  with  hydroquinone  (see  EXPERIMENTAL)  or  with  alde¬ 
hydes  in  the  presence  of  hydroquinone  [1],  it  is  possible  to  assume  that  the  investigated  reaction  proceeds  by  a 
radical  mechanism. 


As  a  matter  of  fact,  p-diethoxybenzene  was  obtained  in  nearly  quantitative  yield  when  methyl  acrylate 
was  reacted  with  triethyl  phosphite  in  the  presence  of  substantial  amounts  of  hydroquinone  (V2  mole  per  mole  of 
acrylate).  At  the  same  time  tlie  yield  of  the  phosphonopropionic  ester  increased  and  high  boiling  polymers  were 
completely  absent  in  the  reaction  products. 

The  possibility  of  radicals  taking  part  in  the  reactions  of  the  trialkyl  phosphites  has  been  mentioned  many 
times  recently  [15-20].  In  the  reaction  discussed  by  us  it  is  possible  to  assume,  for  example,  that  the  primary 
addition  product  of  trialkyl  phosphite  to  acrylate  (A)  exhibits  radical  properties.  This  addition  product  cleaves 
a  hydrogen  atom  from  the  hydroquinone  (B)  and  becomes  stabilized,  eliminating  the  alkyl  radical  (C). 


(R0)3P+ CH2=CH000R'  — *■  (RO)3pOH2CnOOOR' 

OH  0 

/\ 

(RO)3<‘cn2CnoooR'+  1-^  (ro)3PCH20H20oor'  + 


\/ 

OH 


(R0)3PCH2CH2C00R'  ->  R +  (R0)2P(0)CH2CH2000R' 

6  OR 

— »•  I  etc. 

Yh  Y, 

Here  the  formation  of  polymeric  addition  products  takes  place  in  accordance  with  the  scheme 


(A) 

(B) 

(C) 


(A) +  n(CH2=CHCOOR')  (RO)3P[CH2CH(OOOR')j„OH2(^HOOOR' — 
(RO)2P(O)[0H20H(00OR')|„0H20H200OR'  +  R. 
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In  recent  years  the  reaction  of  trialkyl  phosphites  with  acrylic  and  methacrylic  acids  has  been  investi¬ 
gated  by  Kainai  and  Kukliiin  [10,  21-26].  Here  they  observed  the  formation  of  phosphonopropionic  and  phospho- 
nobiityric  esters  and  comparatively  high-molecular  polymers.  These  authors  assign  an  ionic  mechanism  to  the 
reaction  witli  involvement  of  an  intermediate  cyclic  product. 

0 

II  .  ^0 

-*-(R0),PCH2CHR’C< 

^  OR 

However,  if  it  is  considered  that  acrylic  acid  under  the  influence  of  trialkyl  phosphites  can  form  esters 
with  ease,  then  the  possibility  is  not  excluded  that  the  transformations  studied  by  these  authors  reduce  to  the  re¬ 
actions  of  the  acrylates  discussed  in  this  paper. 

EXPERIMENTAL 

1.  Reaction  of  methyl  acrylate  with  tricthyl  phosphite.  A  mixture  of  17.6  g  of  distilled  methyl  acrylate, 
33.2  g  of  triethyl  phosphite  (distilled  from  Na)  and  1  g  of  hydroquinonc  was  heated  in  a  sealed  ampul  for  6  hr  at 
140-150*.  Repeated  fractional  distillation  gave  the  following  fractions:  1st,  143-145*  (3  mm),  9.5  g,  n^®D  1.4330, 
d^^zo  1-121;  2nd  196*  (3  mm),  2.5  g.  n^^D  1.45.30,  d^°2o  1.123;  3rd  210-215*  (3  mm),  1.0  g,n^°D  1.4675,  d^®20 1-129. 

During  the  distillation  a  partial  deposition  of  colorless  crystals  (1.5  g)  in  the  condenser  occurred  in  the  case 
of  the  1st  and  2nd  fractions. 

a)  Investigation  of  1st  fraction.  Triethyl  ester  of  phosphonopropionic  acid. 

Found  ‘7o;  c  45.19,  45.01;  H  7.78,  7.80;  P  12.65,  12.77.  M  238.0. 

Number  of  ethoxy  groups  2.94,  3.06.  C9HJ5O5P.  Calculated  %;  C  45.2;  H  8,0;  P  13.0.  Number  of  ethoxy 
groups  3.  M  238.0. 

A  mixture  of  3  g  of  the  1st  fraction  and  15  ml  of  hydrochloric  acid  was  heated  under  reflux  for  6  hr,  after 
v/hich  the  solution  was  evaporated  in  vacuo  and  the  obtained  crystals  (1.75  g)  were  recrystallized  twice  from  a 
mixture  of  acetic  acid  and  chloroform.  Phosphonopropionic  acid  with  m.p.  167*  was  obtained. 

Found  C  23.38,  24.40;  H  4.91,  5.01.  Titration  with  alkali;  g-equiv.  157  (to  methyl  orange),  51.1  (to 
phenolphthalein).  C3H7O5P,  Calculated  °lo:  C  23.4;  H  4.55.  M  154. 

Treatment  of  0.5  g  of  the  above  obtained  acid  in  alcohol  solution  with  1  ml  of  aniline  gave  the  aniline 
salt  of  phosphonopropionic  acid,  m.p.  158*  (decomp.). 

Found  C  43.74;  H  6.06;  N  5.58.  CgHi405NP.  Calculated  %:  C  43.7;  H  5.5;  N  5.65. 

A  portion  of  the  1st  fraction  (2.7  g)  was  added  to  12  g  of  PCI5  and  on  conclusion  of  heat  evolution  the  mix¬ 
ture  was  heated  on  the  water  bath  for  1  hr.  Then  SO2  was  passed  into  the  reaction  mixture  until  all  of  the  crys¬ 
tals  had  gone  into  solution.  Fractional  distillation  gave  us  1.3  g  of  the  dichloride  of  the  ethyl  ester  of  a-Cl- 
phosphonopropionic  acid. 

B.p.  145*  (3  mm),  n^^D  1.4870,  d*®20  1-419. 

Found  C  24.59,  24.88;  H  3.54,  3.57;  P  12.48,  12.77;  CI^qj^i  39.51,  39.34;  Clhydrolyzable  30.31,29.73; 
OC2H5  18.5,  18.30.  CjHgOzPClz.  Calculated  *yo;  C  23.7;  H  3.15;  P  12.7;  Cljotal  42.25;  Clj^ydrolyzable  28.0; 
OC2H5  17.8. 

b)  Lnvestigation  of  2nd  fraction.  Adduct  of  2  moles  of  methyl  acrylate  and  1  mole  of  triethyl  phosphite. 

Found  °Jo:  C  49.85,  50.03;  H  8.11,  8.04;  P  9.09,  9.34;  total  number  of  CH3O  and  C2H5O  groups  3.94,  3.94, 

M  323.  C14H27O7P.  Calculated  C  49.8;  H  8.25;  P  9,18;  number  of  RO  groups  4.0.  M  338. 

Hydrolysis  of  the  2nd  fraction  with  hydrochloric  acid  gave  phosphoric  acid, 

c)  Investigation  of  3rd  fraction.  Adduct  of  3  moles  of  methyl  acrylate  and  1  mole  of  triethyl  phosphite. 

Found  C  52.08,  52.20;  H  7.93,  7.72;  P  5.13,  5.05.  M  398.5.  CyHajOgP.  Calculated  %  C  51.0; 

H  7.8;  P  7.35.  M  424. 


(RU),P  +  CH2=  CR  -C 


OH 


^0-C  =  0 

(ROljP^  /HR' 
CH, 
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Hydrolysis  of  the  fraction  with  hydrochloric  acid  gave  phosphoric  acid. 

d)  Investigation  of  crystals.  Recrystallization  from  aqueous  alcohol  gave  p-diethoxybenzene  with  m.p.  72*. 

Found  °loi  C  72.20,  72.80;  H  8.81.  8.35;  OC2H5  55.3,  55.24.  C10H14O2.  Calculated  %;  C  72.3;  H  8.45; 

CX:2H5  54.2. 

2.  Reaction  of  methyl  acrylate  with  stoichiometric  amount  of  hydroquinone.  Operating  in  the  same  man¬ 
ner  as  before,  a  mixture  of  8.0  g  of  triethyl  phosphite,  4.0  g  of  methyl  acrylate  and  2.7  g  of  hydroquinone  was 
heated.  On  fractional  distillation,  besides  partially  recovered  starting  materials,  we  obtained;  1st  fraction, 

b.p,  142-145"  (3  mm),  4.5  g,  n^°D  1.4335,  d^^  1.125,  and  2.8  g  of  crystals  with  m.p.  72*,  from  their  analysis 
and  properties  corresponding  respectively  to  the  triethyl  ester  of  phosphonopropionic  acid  and  p-diethoxybenzene, 
and  also  1.8  g  of  a  2nd  fraction  with  b.p.  65.70’  (2  mm),  n^'^D  1.4160,  and  d^®20  1-025,  being  the  diethyl  ester  of 
ethylphosphonic  acid. 

Found  C  42. 39.  43.46;  H  9.17,  9.28;  OC2H5  55.35,  55.55.  C6H15O3P.  Calculated  7o:  C  43.2;  H  9.05; 
OC2H5  54.0. 

3.  Reaction  of  acrylic  acid  with  triethyl  phosphite.  A  mixture  of  2  g  of  distilled  acrylic  acid  and  5  g  of 
triethyl  phosphite  was  heated  under  reflux  on  the  water  bath  for  5  hr.  On  fractional  distillation  we  obtained 
3.1  g  of  the  trieihyl  ester  of  phosphonopropionic  acid. 

B.p.  137-142*  (3  mm),  n’°D  1.4330,  d^^  1-119. 

Found  %  C  45.14.  45.23;  H  7.29,  7.08;  P  12.69,  12.66;  OC2H5  54.42,  53.95.  M  233.  C9H19O5P.  Calcu¬ 
lated  7o:  C  45.2;  H  8.0;  P  13.0;  OC2H5  56.8.  M  238. 

Crystals  of  phosphonopropionic  acid  with  m.p.  167’  were  obtained  when  the  compound  was  hydrolyzed 
with  hydrochloric  acid.  The  mixed  melting  point  with  the  crystals  from  Expt.  la  was  not  depressed. 

4.  Reaction  of  acrylic  acid  with  tripropyl  phosphite.  In  the  same  manner  as  the  preceding,  from  17  g  of 
tripropyl  phosphite  and  6.5  g  of  acrylic  acid  we  obtained  4.5  g  of  the  tripropyl  ester  of  phosphonopropionic  acid. 

B.p.  136*  (1  mm),  n^®D  1.4315,  d’^®20  1-041. 

Found  7o:  C  51.20,  50.90;  H  9.60,  8.65;  P  10.88.  M  290.  C12H25O5P.  Calculated  C  51.75;  H  8.91; 

P  11.1.  M  281. 

Hydrolysis  of  the  fraction  with  hydrochloric  acid  gave  phosphonopropionic  acid  with  m.p.  167*. 

Reaction  between  the  ester  with  b.p.  136°  (1  mm)  and  phosphorus  pcntachloride.  A  mixture  of  2  g  of  the 
fraction  and  10  g  of  PCI5  was  heated  on  the  water  bath  for  1  hr,  after  which  S02  was  passed  into  the  mixture 
until  the  precipitate  dissolved.  After  two  fractional  distillations  we  obtained  0.5  g  of  a  partially  decomposing 
fraction  with  b.p.  140’  (1  mm),  n^°D  1.5030.  This  corresponds  to  the  dichloride  of  the  propyl  ester  of  dichloro- 
phosphonopropionic  acid. 

Found  7o:  C  21.25,  21.52;  H  2.48,  2.57;  P  11.25,  11.06;  Cl  47.46,  46.81;  OC3H7  20.03,  19.67.  C6H9O3PCI4. 
Calculated  7®:  C  23.7;  H  2.98;  P  10.5;  Cl  45.8;  (XjHt  19.6. 

5.  Reaction  of  triethyl  phosphite  with  hydro<iuinone.  A  mixture  of  4.5  g  of  triethyl  phosphite  and  2.5  g 
of  hydroquinone  was  heated  in  a  sealed  ampul  for  15  hr  at  140-150’,  On  fractional  distillation  we  isolated  2.2  g 
of  crystals  with  m.p.  168-169’  (from  alcohol),  which  corresponds  to  hydroquinone.  p-Diethoxybenzene  was  not 
found . 

6.  Reaction  of  butyl  acrylate  with  triethyl  phosphite.  A  mixture  of  5.0  g  of  triethyl  phosphite,  3.85  g  of 
butyl  acrylate  and  0,5  g  of  hydroquinone  was  heated  in  a  sealed  ampul  for  6  hr  at  140-150*.  On  fractional 
distillation  we  isolated  2.75  g  of  the  diethyl  butyl  ester  of  phosphonopropionic  acid  with  b.p.  165’  (3  mm), 
n*®D‘l.4370,  and  d^jo  1-065. 

Found  7o:  C  48.45,  48.59;  H  8.84,  8.97;  P  10.18,  10.90.  Total  number  of  C2H5O  and  C4H9O  groups  2.8. 

M  255.  Calculated  7o:  C  49.70;  H  8,60;  P  11.65.  Number  of  alkoxy  groups  3.0.  M  266. 

Hydrolysis  of  the  ester  with  hydrochloric  acid  gave  phosphonopropionic  acid  w'ith  m.p.  167.5*. 
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7.  Rcacrion  of  methyl  acrylate  with  tributyl  phosphite.  In  the  same  manner  as  the  preceding,  from  3  g 
of  methyl  acrylate  and  9  g  of  tributyl  phosphite  in  the  presence  of  0.3  g  of  hydroquinone  we  obtained  2.7  g  of 
die  tributyl  ester  of  phosphonopropionic  acid. 

B.p.  140-145*  (1  mm).  n^^D  1.4460,  d^^jo  1-0740. 

Found  7<);  C  56.62,  56.47;  H  9.69,  9.72;  P  9.94,  9.56.  Number  of  C4H9O  groups  2.93,  2.90.  M  314. 
C15II31O5P.  Calculated  °Jo:  C  56.0;  H  10.1;  P  10.15.  Number  of  C4H9O  groups  3.0.  M  322. 

Hydrolysis  of  the  ester  with  hydrochloric  acid  gave  phosphonopropionic  acid  with  m.p.  167*. 

8.  Reaction  of  triethyl  phosphite  with  methyl  methacrylate  In  the  same  manner  as  before,  from  4  g  of 
hydroquinone  we  obtained  3.2  g  of  the  tricthyl  ester  of  phosphonoisobutyric  acid. 

B.p.  138-140*  (  2  mm),  n^°D  1.4400,  d^^  1  1320. 

Found  7o:  C  47.26.  47.13;  H  8.01,  8.06;  OC2H5  51-50,  51.70.  M  245.  C10H21O5P.  Calculated  C  47.0; 

H  8.35;  P  12.3;  CX:2H5  53.5.  M  252. 

9.  Reaction  of  triethyl  phosphite  with  acrylonitrile.  In  the  same  manner  as  before,  from  5.3  g  of  acrylo" 
nitrile,  16  g  of  triethyl  phosphite  and  0.3  g  of  hydroquinone  we  obtained  2  g  of  a  substance,  corresponding  to  the 
Jiethyl  ester  of  phosphonopropionitrile. 

B.p.  128*  (2  mm),  n*°D  1.4370,  d^^  1-092. 

Found  ‘yo:  C  45.36,  45.55;  H  7.24,  7.09;  P  14.65,  14.76;  CX:2H5  46.71,  46.70.  M  185.  C7H14O3NP.  Cal¬ 
culated  C  44.0;  H  7.35;  P  16.2;  OC2H5  47.0.  M  191. 

Hydrolysis  of  the  substance  with  hydrochloric  acid  gave  phosphonopropionic  acid,  which  was  isolated  as 
the  aniline  salt  with  m.p.  152*  (decomp.). 

Found  °lo:  C  42.41,  42.24;  H  5.95,  6.17;  N  6.46;  P  11.46.  C9H14O5NP.  Calculated  C  43.7;  H  5.5; 

N  5.65;  P  12.7. 

SUMMARY 

It  was  shown  that  the  esters  and  the  nitrile  of  acrylic  acid,  and  also  methyl  methacrylate,  react  with  tri- 
alkyl  phosphites  to  give  phosphonopropionic  or  phosphonoisobutyric  acid  derivatives,  respectively.  The  mechan¬ 
ism  of  the  reaction  was  discussed,  and  it  was  considered  to  be  of  the  free- radical  type. 
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THIOSULFONIC  ACIDS 


V.  SYNTHESIS  AND  ANTIMICROBIAL  PROPERTIES  OF  SOME  ALKYL  ESTERS 
OF  BENZENETHIOSULFONIC  ACID  AND  ITS  DERIVATIVES* 
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Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  12,  pp.  3993-3998, 

December,  1960 

Original  article  submitted  January  11,  1960 

The  alkyl  esters  of  aromatic  thiosulfonic  acids  and,  in  particular,  of  benzenethiosulfonic  acid  and  its  deri¬ 
vatives  (I),  have  hardly  been  described  in  the  literature.  Still  these  compounds  could  possess  practical  interest 
as  new  antimicrobials,  since  their  related  alkyl  esters  (11)  of  alkanethiosulfonic  acids  exhibit  a  broad  spectrum  of 
antimicrobial  action  and  in  experiments  in  vitro  show  considerable  activity  toward  gram- positive,  gram-negative 
and  acid-resistant  bacteria,  various  fungi,  etc.  [2]. 

X-<^  ^-SOj-S- Aik  Aik -SOa-S-Alk' 

“  (I)  (11) 

Of  special  interest  is  the  action  of  esters  (H)  on  phytopathogenic  bacteria  and  fungi,  responsible  for  plant 
diseases:  the  use  of  these  esters  for  the  pretreatment  of  the  seeds  of  various  grain,  vegetable  and  technical  cul¬ 
tures  sharply  reduces  their  susceptibility  to  disease  and  at  the  same  time  stimulates  growth  of  the  plants,  shifting 
the  phases  of  their  development  toward  early  ripening,  giving  in  the  final  analysis  a  substantial  increase  in  the 
productivity  [3].  It  is  also  possible  to  expect  esters  (I)  to  have  a  similar  action. 

For  this  reason  we  undertook  in  the  present  paper  the  synthesis  of  some  alkyl  esters  of  benzenethiosulfonic 
acid  and  its  derivatives  (I)  by  the  method  employed  earlier  for  the  synthesis  of  the  analogous  esters  of  alkane¬ 
thiosulfonic  acids,  namely,  by  the  reaction  of  potassium  thiosulfonates  with  alkyl  bromides  in  accordance  with 
the  reaction  (1). 

Ar-SOj-SK  +  AlkBr -♦  Ar-SOj-S-Alk  +  KBr  (1) 

The  potassium  salts  of  the  thiosulfonic  acids  were  obtained  by  reacting  the  corresponding  acid  chlorides 
with  an  aqueous  solution  of  potassium  hydrosulfide. 

The  potassium  thiosulfonates  listed  in  Table  1,  with  the  exception  of  No.  5,  are  colorless  crystalline  com¬ 
pounds,  readily  soluble  in  water,  soluble  in  boiling  ethyl  and  butyl  alcohols,  and  insoluble  in  benzene,  chloro¬ 
form,  ether  and  other  organic  solvents.  The  potassium  salt  of  p-nitrobenzenethiosulfonic  acid  is  yellow  and  is 
much  less  soluble  in  water.  Salts  Nos.  2,  3  and  5  are  new  compounds. 

Reaction  (1)  was  run  in  aqueous  acetone  solution  at  room  temperature  with  constant  shaking,  since  heating 
on  the  water  bath  gave  deeply  colored  products.  However,  at  room  temperature  this  reaction  goes  very  slowly, 
especially  with  the  isopropyl  and  isobutyl  bromides;  the  length  of  holding  at  room  temperature  also  determines 

•The  work  was  reported  at  the  Fourth  Ukrainian  Republican  Conference  on  Organic  Chemistry  [1]. 
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TABLE  1 


Potassium  Salts  of  Arenethiosulfonic  Acids  Ar-S02“SK 


6 

z 

Ar 

M.p. 

■iisi 

Yield  ^ 

Crystal  form 

o. 

X 

tu 

found  j 

calc. 

(in%) 

(from  alcohol) 

1 

1 

1  C.H, 

212° 

30.34 

30.20 

70.7 

Rectangular  prisms 

2 

p-ClC.ll. 

Does  not 
melt  up 
to  270 

25.84 

25.99 

70.0 

Tetragonal  plates 

3 

p-CHjOC,H» 

218 

26.21 

26.46 

73.1 

Long  needles 

4 

p-CH,CONllC.H. 

256 

23.65 

23.81 

70.1 

Dense  he xahedral  plates 

5 

p"  NOjCflli 

256-2.57 

(with 

decomp.) 

24.93 

24.92 

60.0 

Rectangular  plates 

the  yields  of  the  final  products.  Thus,  in  the  case  of  obtaining  the  isopropyl  ester  of  benzenethiosulfonic  acid 
(Table  2,  No.  4)  the  yield  of  ester  was  30%  for  a  reaction  time  of  120 hr,  and  60%  for  a  reaction  time  of  480  hr; 
in  this  connection  we  were  able  to  isolate  the  esters  in  a  high  state  of  purity,  nearly  colorless,  and  not  requiring 
further  purification. 

Esters  1-18  (Table  2)  were  isolated  as  slightly  yellow  oily  liquids;  they  fail  to  distill  without  decomposition  , 
at  a  vacuum  of  1-2  mm,  but  can  be  distilled  at  a  higher  vacuum,  and  here  they  were  obtained  as  colorless  oily  liq¬ 
uids  with  a  weak  specific  odor  of  onion  or  garlic.* 

The  molecular  refractions  of  these  esters,  calculated  from  the  atomic  refractions  [4],  differ  substantially 
from  the  experimental  values,  exceeding  the  possible  e.<pcrimenTal  errors.  This,  however,  cannot  be  explained 
by  an  insufficient  purity  of  the  obtained  products,  which  was  verified  by  us  by  special  control  experiments:  some 
of  the  esters  during  distillation  under  a  high  vacuum  were  separated  into  individual  fractions,  despite  the  fact  that 
they  all  distilled  at  a  constant  temperature;  the  refractive  index  and  the  density  were  determined  for  each  of  these 
fractions.  They  proved  to  be  so  close  among  themselves  that  the  molecular  refractions  calculated  from  these  con¬ 
stants  differed  among  themselves  by  a  matter  of  only  hundredths. 

It  is  obvious  that  the  additive  scheme  does  not  take  into  account  the  reciprocal  influence  of  the  atoms,  and 
also  the  presence  of  conjugation  between  the  benzene  ring  and  its  substituents.  This  also  explains  the  fact  that 
for  each  series  of  esters  the  deviations  of  the  experimental  molecular  refractions  from  the  calculated  are  values 
of  the  same  order  and  when  additional  corrections  (exaltations)  are  introduced  all  of  the  calculated  molecular 
refractions  lie  close  to  the  experimental  values. 

For  the  esters  of  benzenethiosulfonic  acid  this  correction  should  be  taken  equal  to  0.4,  for  the  esters  of  p- 
chlorobenzenethiosulfonic  acid  equal  to  1.1,  and  for  the  esters  of  p-methoxybenzenesulfonic  acid  equal  to  1.6. 

The  other  arenethiosulfonic  esters  listed  in  Table  2  (Nos.  19-31)  are  crystalline  compounds;  the  alkyl  esters 
of  acetylthiosulfanilic  acid  (Nos.  19-25),  after  repeated  recrystallization  from  40%  alcohol,  were  obtained  as 


•For  this  reason  we  were  somewhat  surprised  to  see  in  a  recent  communication  [13]  the  statement  that  the  ethyl 
ester  of  p-bromobenzenethiosulfonic  acid  has  b.p.  158"  at  2-3  mm.  As  described  above,  we  synthesized  potassium 
p-bromobenzenethiosulfonate,  isolated  it  in  the  pure  state  as  colorless  crystals,  not  melting  when  heated  to  270", 
and  by  reacting  it  with  ethyl  bromide  at  room  temperature  we  obtained  and  isolated  in  the  pure  state  the  ethyl 
ester  of  p-bromobenzenethiosulfonic  acid,  the  constants  of  which  are  given  in  Table  2  (No.  32).  It  proved  that 
this  ester  also  does  not  distill  at  1-2  mm  without  decomposition;  it  is  purified  by  distillation  in  a  high  vacuum  at 
a  residual  pressure  of  10  ^  mm,  but  even  at  10’^  mm  it  darkens  rapidly  when  heated  and  cannot  be  distilled  with¬ 
out  decomposition. 
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Alkyl  Esters  of  Benzenethiosulfonic  Acid  and  Its  Derivatives  Ar-S02“S“Alk 
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(average  values);  the  exaltation  of  the  grouping  ~S02“S- was  taken  equal  to  +  0.6. 

•  •Alkyl  esters  Nos.  1-18  were  each  distilled  2  to  3  times  in  a  high  vacuum;  the  losses  in  the  distillations  were  to  10-25% (the  latter  applying  to 
the  isopropyl  and  isobutyl  esters). 
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colorless  products.  They  tend  to  separate  from  solution  as  oily  liquids  that  crystallize  with  great  difficulty.  The 
alkyl  esters  of  p-nitrobenzenethiosulfonic  acid  (Nos.  26-31)  were  also  purified  by  recrystallization  from  40%  al¬ 
cohol  and  were  isolated  as  colorless  crystals;  some  of  the  esters  have  a  pale  yellow  color. 

All  of  the  alkyl  esters  of  the  arenetliiosulfonic  acids  are  very  difficultly  soluble  in  water,  and  are  readily 
soluble  in  alcohol,  acetone,  ether,  and  other  organic  solvents;  most  of  them  are  new  compounds  (with  the  excep¬ 
tion  of  Nos.  1,  20  and  25  [5,  6]).  • 

A  study  of  the  antimicrobial  activity  of  the  alkyl  esters  of  benzenethiosulfonic  acid  and  its  derivatives, 
carried  out  in  the  Distitute  of  Microbiology  of  the  Academy  of  Sciences  of  the  Ukrainian  SSR,  revealed*  •  that 
in  their  bacteriostatic  and  fungistatic  properties  these  compounds  resemble  esters  (11)  very  closely;  being  some¬ 
what  inferior  to  the  latter  in  their  antibacterial  action,  they  retain  a  fairly  substantial  activity  only  toward  cer¬ 
tain  fungi. 

Alkyl  esters  (I)  are  also  inferior  to  the  analogous  esters  of  the  alkanethiosulfonic  acids  in  their  action  on 
phyiopathogenic  bacteria,  but  in  individual  cases  they  exhibit  a  very  high  activity,  especially  toward  bacteria 
of  the  Xanthomonas  species. 

A  study  of  the  action  of  these  compounds  on  the  seeds  of  various  agricultural  cultures,  made  by  K.  I. 
Bel’tyukova  and  co-workers,  revealed  that  the  esters  of  the  thiosulfonic  acids  are  not  only  harmless  to  the  tissues 
of  perennial  leguminous  grasses  and  grain  and  vegetable  cultures,  but  they  also  promote  enhanced  germination 
and  an  increase  in  the  weight  and  size  of  the  shoots,  and  they  also  sharply  reduce  the  number  of  diseased  plants. 

The  field  experiments  also  confirmed  the  high  effectiveness  of  certain  alkyl  esters  of  the  arenethiosulfonic 
acids  on  commercial  tracts;  their  use  as  agents  for  the  pretreatment  of  the  seeds  of  grain,  vegetable  and  technic¬ 
al  cultures  gives  a  sharp  reduction  in  the  susceptibility  of  these  plants  to  disease  and  a  substantial  increase  in  the 
productivity,  which  makes  it  possible  to  propose  the  esters  (I)  for  practical  use  in  agriculture  [7]. 

EXPERIMENTAL  •  •  • 

The  acid  halides  of  the  sulfonic  acids  were  obtained  in  conventional  manner- by  the  chlorosulfonation  of 
chlorobenzene,  anisole,  and  acetanilide  [8,  9];  p-nitrobenzenesulfonyl  chloride  was  prepared  by  the  action  of 
wet  chlorine  on  p-nitrothiophenol  in  acetic  acid  medium  [10].  The  melting  points  of  the  products  after  their 
purification  agreed  with  the  literature  data  [8-12]. 

The  potassium  salts  of  the  arenethiosulfonic  acids  were  synthesized  by  reacting  the  sulfonyl  chlorides  with 
aqueous  potassium  hydrosulfide  solution,  in  the  same  marmer  as  the  earlier  described  salts  of  the  alkanethiosulfon¬ 
ic  acids  were  prepared  [2]. 

We  found  that  the  potassium  salt  of  p-nitrobenzenethiosulfonic  acid  could  not  be  obtained  and  isolated 
under  these  conditions,  since  pronounced  tarring  of  the  product  occurred.  However,  by  using  more  dilute  potas¬ 
sium  hydrosulfide  solution,  obtained  by  saturating  a  solution  of  potassium  hydroxide  in  water,  taken  in  a  1 :  8 
ratio,  with  hydrogen  sulfide,  to  synthesize  the  thiosulfonate  we  were  able  to  avoid  secondary  reactions.  The  end 
product  was  also  isolated  in  a  different  manner  than  the  other  thiosulfonates;  after  adding  the  p-nitrobenzenesul¬ 
fonyl  chloride  to  the  potassium  hydrosulfide  solution  and  heating  the  reaction  mass  until  the  separated  elemental 
sulfur  had  dissolved,  the  solution  was  treated  with  activated  carbon,  filtered,  and  crystals  of  the  potassium  salt 
of  p-nitrobenzenethiosulfonic  acid  deposited  from  the  filtrate,  which  were  filtered  and  then  recrystallized  twice 
from  water;  evaporation  of  the  filtrate  gave  an  additional  amount  of  the  salt. 

The  alkyl  esters  of  the  arenethiosulfonic  acids  were  obtained  by  reacting  the  potassium  thiosulfonates  with 
alkyl  bromides  in  acetone  medium  at  room  temperature  or  with  heating  on  the  water  bath  (see  Table  2),  in  the 
same  manner  as  the  alkyl  esters  of  the  alkanethiosulfonic  acids  were  synthesized  [2], 

•The  ethyl  ester  of  benzenethiosulfonic  acid  (Table  2,  No.  1),  obtained  earlier  [5],  was  not  distilled  and  its  phy¬ 
sicochemical  constants  were  not  given,  and  the  same  is  true  for  the  potassium  benzenethiosulfonate  (Table  1, 

No.  1). 

•  •We  take  this  opportunity  to  thank  V.  G.  Drobot’ko,  B.  E.  Aizenman  and  S.  I.  Zelepukhe  for  the  microbiolog¬ 
ical  testing  of  the  esters  of  the  thiosulfonic  acids.  We  also  sincerely  thank  K,  I.  Bel'tyukova  and  co-workers  for 
the  major  study  of  several  years  duration  made  by  them  on  the  antimicrobial  activity  of  these  compounds  and  the 
effectiveness  of  their  use  under  field  conditions. 

•  •  ‘Students  L.  I.  Pavlenko  and  Z.  M.  Poshivak  assisted  in  the  work. 
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SUMMARY 


1.  By  reacting  the  sulfonyl  chlorides  with  potassium  hydrosulfide  we  obtained  and  identified  6  potassium 
salts  of  arenethiosulfonic  acids,  including  3  not  described  in  the  literature. 

2.  We  synthesized  32  alkyl  esters  of  the  arenethiosulfonic  acids;  28  of  them  are  new  compounds. 

3.  The  antimicrobial  action  of  the  alkyl  esters  of  the  arenethiosulfonic  acids  was  characterized;  it  was 
observed  that  these  compounds  show  a  high  activity  toward  phytopathogenic  bacteria  and  also  exert  a  stimulat¬ 
ing  effect  on  the  development  of  plants,  which  made  it  possible  to  propose  some  of  the  esters  for  practical  use 
in  agriculture. 
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REACTION  OF  ALIPHATIC  DINITRILES 
WITH  GLYCOLS  AND  HYDROGEN  CHLORIDE 

E.  N.  Zirberman  and  A.  E.  Kulikova 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  12,  pp.  3999-4002, 
December,  1960 

Original  article  submitted  February  8,  1960 


It  was  shown  by  us  recently  that  at  the  start  in  the  hydrochlorination  of  adiponitrile  two  molecules  of  HCl 
add  selectively  to  one  nitrile  group.  Only  when  the  hydrochlorination  is  continued  does  the  second  nitrile  group 
enter  into  reaction  [1].  From  the  reaction  product  of  adiponitrile  and  hydrogen  chloride,  taken  in  a  1 :  2  molar 
ratio  (apparently  6-cyanovalcrimidochloride  hydrochloride  [1]),  and  an  equivalent  amount  of  primary  alcohol 
we  obtained  in  high  yield  the  hydrochlorides  of  the  alkyl  imido  ethers  of  6-cyanovaleric  acid,  which  on  hydrol¬ 
ysis  are  converted  to  the  corresponding  esters  of  6-cyanovaleric  acid  [2]. 

Little  information  exists  in  the  literature  on  the  preparation  of  imido  ethers  from  glycols.  Attempts  to 
synthesize  the  salts  of  imido  ethers  from  glycols,  nitriles  and  hydrogen  chloride  in  the  presence  and  in  the  ab¬ 
sence  of  solvents  failed  to  give  the  desired  results  until  recently  [3].  It  was  only  recently  tha:  a  paper  appeared 
on  the  preparation  of  the  hydrochlorides  of  diimido  ethers  from  cyanogen,  ethylene  glycol  and  hydrogen  chlo¬ 
ride  [4]. 


In  this  paper  we  studied  the  reaction  of  adiponitrile  and  sebaconitrile  with  hydrogen  chloride  and  a  num¬ 
ber  of  diprimary  glycols,  namely  1  4-butanediol,  1,5-pentanediol,  and  1.6-hexanediol. 


The  reaction  of  compounds  (I)  with  equivalent  amounts  of  the  glycols  gave  the  corresponding  imido- ether 
hydrochlorides  (11),  which  were  obtained  as  viscous  materials.  Hydrolysis  of  the  latter  gave  the  hydroxybutyl 
[n  =  4,  (Ilia)]  and  hydroxyhexyl  [n  =  6,  (inb)]  esters  of  6-cyanovaleric  acid. 


NC(Cn2)4CN  ^=zz=; 

2HCI 


NC(GH2)4C<f 

\Ci 

(I) 


NC(CH2)4CO(CH2)nOH 

II 

0 

(III) 


a)  n  =  4i 

b) »»  =  6. 


NC(CH2)4CO(Cll2)«OC(CH2)4CN 

^  A 

a)  n  =  4:  C)n  =  6. 

b)  "  = 


3956 


Characteristics  of  Obtained  Esters 


The  treatment  of  compounds  (I)  with  a  0.5  molar  amount  of  a.  w- glycols  gave  in  a  similar  manner,  through 
the  imido- ether  salts  (IV),  the  di(6-cyanovalerates)  of  1,4-butanediol  [n  =4,  (Va)],  1,5-pentanediol  [n  =  5,  (Vb)] 
and  1,6-hcxancdiol  [n  =  6,  (Vc)]. 

Compounds  of  type  (HI)  and  (V)  could  not  be  isolated  from  the  reaction  products  of  sebaconitrile,  HCl  and 
glycols,  taken  in  the  molar  ratios  1:2:1  and  1:2:  0.5,  This  is  explained  by  the  fact  that  the  selectivity  re¬ 
activity  of  one  nitrile  group  is  absent  in  the  case  of  sebaconitrile  [5], 

The  reaction  of  adiponitrile  or  sebaconitrile  with  hydrogen  chloride  in  a  molar  ratio  of  at  least  1 :  4  gave 
us  solid  products,  apparently  diimidochloride  dihydrochloridcs  (VI),  which  precipitated  when  insufficient  solvent 
was  used.  Witliout  isolation  from  the  reaction  mixture,  the  latter  were  treated  with  double  molar  amounts  of  the 
glycols.  The  formed  diimido-ethcr  hydrochlorides  (VII)  with  excess  water  gave  the  (j,a/-dihydroxybutyl  [n  =  4, 
m  =  4,  (Vni  a)],  cj.cj’-dihydroxypentyl  [n  =  5,  m  =  4,  (Vnib)]  and  w.u;'-diliydroxyhexyl  [n  =  6,  m  =  4,  (VIIIc)] 
esters  of  adipic  acid  and  the  u^.cj’-diliydroxybutyl  ester  of  sebacic  acid  [n  =  4,  m  =  8,  (Vllld)), 

NC(Cii2)mCN  +  4nci  **'^%c(Cii2)mC(^^"^  2ci- 

L  CK  \Cl 

(VI) 

r  Nllg  Nila  0  O 

[no(ciy„oc(cn2),nCO(CFi2)»oii  2gi-  — no(cii2)„0(*!(CH2)ml':o{CH2)»OH 

(vij)  (Viii) 

a)  n  =  4,  m  =  4;c)n  =  6,  Tn  =  4; 

Jj)  n  =  5,  m  =  *;  d)  w  =  ♦,  m  =  8. 

All  of  the  compounds  synthesized  by  us  in  the  present  paper  (Table)  are  new.  They  are  oligomers  relative 
to  the  recently  obtained  low-molecular  polyesters  with  terminal  nitrile  and  alcohol  groups  [6], 

EXPERIMENTAL 

Synthesis  of  di(4-hydroxybutyl)  ester  of  adipic  acid  (Villa).  A  heterogeneous  mixture  of  10.8  g  of  adipo¬ 
nitrile  and  25  ml  of  absolute  ether  was  saturated  at  0-5°  with  20  g  of  dry  hydrogen  chloride.  A  colorless  precip¬ 
itate  of  adipodiimidochloridc  dihydrochloride  (VI)  deposited  when  the  mixture  was  stirred  for  2  Itr  with  cooling. 
The  reaction  mixture  was  then  treated  with  18  g  of  1,4-butanediol  and  the  stirring  was  continued  for  another 
4-5  hr.  Here  the  chloride  (VI)  went  into  solution,  after  which  the  reaction  mixture  stratified,  and  the  lower  layer 
was  soon  converted  to  a  viscous  mass.  After  removal  of  the  solvent  in  vacuo,  the  imido- ether  salt  (VII)  contained 
a  substantial  amount  of  adsorbed  hydrogen  chloride  (found  Cl  25-2670,  instead  of  the  calculated  l9,57o).  For  this 
reason  the  salt  (VII)  was  treated  with  an  amount  of  caustic  solution  equivalent  to  the  total  hydrogen  chloride,  for 
which  the  compound  (VII)  was  dissolved  in  140  ml  of  2.57oNaOH  solution.  After  2  hr  a  lower  oily  layer  separated. 
This  layer  was  removed,  while  the  water  layer  was  extracted  with  ethyl  acetate.  The  extracts  and  oily  layer  were 
combined,  and  then  dried  over  anhydrous  sodium  sulfate.  After  removal  of  the  solvent  we  obtained  28  g  (96,57«0 
of  ester  (Villa),  which  was  identified  as  the  bis(a-naphthylurethan),  m.p.  75°. 

Found  N  4.22.  C3eH4o08N2-  Calculated  %:  N  4.45. 

The  other  glycols  (VIII)  were  obtained  in  a  similar  manner. 

The  synthesis  of  the  hydroxynitrilcs  (III)  and  dinitriles  (V)  and  their  isolation  was  accomplished  in  the 
same  manner  as  described  above  for  glycol  (Villa),  except  that  the  glycol  was  added  to  the  reaction  mixture 
after  at. least  4  hr  from  the  time  of  passing  in  the  hydrogen  chloride. 

SUMMARY 

1.  Methods  were  developed  for  the  synthesis  of  the  cj.cu’  dihydroxyalkyl  esters  of  dibasic  acids  and  the 
previously  unknown  hydroxyalkyl  esters  of  6-cyanovaleric  acid  and  di(5-cyanovalerates)  of  a,tJ-glycols. 

2.  Nine  representatives  of  the  indicated  classes  of  compounds  were  synthesized. 

LITERATURE  CITED 

1.  E.  N.  Zil'berman  and  A.  E.  Kulikova,  Zhur.  Obshch.  Khim.  1694  (1959), 

2,  E.  N,  Zil'berman  and  A.  E.  Kulikova,  Zhur.  Obshch.  Khim.  29,  3039  (1959). 


3958 


3.  J.  Houben.  Methods  of  Organic  Chemistry  [Russian  translation],  4th  cd.,  Vol.  1,  p.  537  (1949). 

4.  W.  Woodburn,  A.  Whitehouse,  and  B.  Pautler,  J.  Org.  Ch.  210  (1959). 

5.  E.  N.  Zirberman  and  N.  K.  Taikova,  Zhur.  Obshch.  Khim.  2506  (I960;. 

6.  E.  N.  Zirberman  and  N.  M.  Teplyakov,  Vysokomolekulyarnye  Soedineniya  1.  934  (1959). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by-lctter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  Enfilish  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


3959 
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Derivatives  of  1,5- diaryl- 3- chloroformazan,  containing  phenyl,  p-tolyl,  p-nitrophenyl  and  8 -naphthyl 
radicals,  are  described  in  the  literature  [1].  l,5-Diphenyl-3-iodoformazan  was  obtained  by  the  exchange  reac¬ 
tion  of  1.5- diphenyl- 3- chloroformazan  and  potassium  iodide,  with  heating  in  acetone  solution  [1].  Attempts  to 
effect  a  similar  exchange  with  potassium  bromide  proved  unsuccessful.  Uns>Tnmetrical  derivatives  of  1,5-di¬ 
phenyl-  3- chloroformazan  have  also  been  synthesized  [2].  Bromination  of  the  diphenylformazan  with  bromine 
in  glacial  acetic  acid  gave  l,5-di(p-bromophenyl)-3-bromoformazan  [3]. 


Absorption  spectra  of  alcohol  solutions  of  l,5-diphenyl-3-chloroformazan 
derivatives.  1)  l,5-Diphenyi-3-chloroformazan  (with  4  x  10'®  M); 

2)  1,5- di(p-fluorophenyl)- 3- chloroformazan  (with  5  X  10'®  M);  3)  1,5- 
di(p-chlorophenyl)- 3- chloroformazan  (with  5  X  10"®  M);  4)  l,5-di(p- 
bromophenyl)-9- chloroformazan  (with  4  X  10-®  M);  5)  l,5-di(p-iodo- 
phenyl)- 3- chloroformazan  (with  2  X  10'®  M). 

Statements  exist  on  the  antitubercular  properties  of  carbazides  of  thioaldonic  acids,  obtained  from 
formazans  containing  carbohydrate  moieties  [4],  and  on  the  biological  activity  of  formazans  in  which  the  phenyl 
rings  are  substituted  with  quaternary  ammonium  groups  [5]. 
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l,5-Diaryl-3-chloroformazan3  of  General  Formula 


-N=.N\ 


3 

G-Cl 


1 

1 

c  c  i 

Name  of 

3-chloroformazan  |i 

field ! 

1 

M.p.  ; 

SfrE,. 

c3  0 

.‘d 

C  D,P 

1 

l,5-Di(o-fluoroohenyl)- 1 

48  1 

125—126°  1 

246, 

280, 

3 -  chloroform  a*z an 

( 

fromaque-  : 

290, 

335 

ous  dioxane] 

420 

l,5-Di(m-fluorophenyl)- 

72 

132-133 

232, 

.335 

3-chloroformazan 

( 

[from  1:2  1 

417 

dioxane- 

alcoholmixi 

l,5-Di(p-fluorophenyl)-  j 

72 

turej  i 

17.) — 176  i 

234,  1 

278, 

3-  chloroformazan 

(fromaque-  i 

•).)S  1 

333 

ous  diox-  1 
ane)  1 

417  I 

l,5-Di(o-chlorophenyl)  - 

71 

178-179  I->)i 

2.53, 

284, 

3-  chloroformazan 

i 

303, 

335 

413 

l,5-Di(p-chlorophenyl)-' 

64 

194—195  j 

260, 

285, 

3-chloroformazan  | 

(from  1:1 

303. 

34.3, 

alcohol - 
acetone 

421, 

426 

1,5-  Di(o-  bromophenyl)  -' 

mi.xture) 

To 

19.5— 196  ! 

284, 

3-chloroformazan  1 

1 

(from  aque- 

.302, 

332 

ous  aceton3)j 

420 

l,5-Di(m-bromophen-  * 

77 

198—199 

2.34. 

283, 

yl)-3  -chloroformazan 

(from  aque- 

300, 

.330 

1 

ous acetone) 

1  417 

1 , 5-  D  i(p  -  brom  ophenyD  * 

i  61 

:>()()— 202 

!  262, 

283, 

3- chloroformazan 

(from  ace¬ 
tone- alco- 

1  306), 

3.30 

Ihol  mixture) 

l,5-Di(o-iodophenyl)- 

00 

j  2o;)..5— 201.3 

1 

293, 

3-  chloroformazan 

■(from  aque- 

1  300, 

i  390 

lousdioxane) 

!  423 

1 , 5-  Di(m  -  iodophenyl )- 

1 

!  1.53  —  1.56 

!  262, 

.340 

3-  chloroformazan 

(from  aque¬ 
ous  dioxane 

.  42;) 

] 

1,5-Di(p-  iodophenyl)- 

76 

194—197 

262, 

293, 

3-chloroformazan 

(from  aque¬ 
ous  dioxane 

1  313, 

)  433 

3^)0 

i 

1,5-  Di(2,'4'-  dichloro- 

7S 

2it6— 2(  16.3 

'  26.3, 

!  273, 

phenyl)- 3 -chloro- 

i  (from  aque- 

'  30.5’. 

j 

formazan 

ous  dioxane)'  440 

1 

l,5-Di(2’,4-dibromo- 

71 

2.37..5— 23S 

1  2.32, 

1  292, 

phenyl)- 3- chloro- 

(from  aque- 

310, 

1  .348 

formazan 

ous  dioxane 

)  4.30 

1,5- Di(2’,5- dichloro- 

89 

244-245 

!  2.34, 

.330 

phenyl)- 3- chloro- 

(from  aque- 

■  423 

formazan 

ous  dioxane 

l,5-Di(2’,5-dibromo- 

66 

261-262 

260, 

340 

phenyl)-  3-  chloro¬ 
formazan 

(from 

dioxane) 

423 

Found  I 


19.40,1 

19.31 


1S.7S  I 


1  s.so, 
1S.S3 


10.79, 

ir).72 


13.10, 

13.07 


13.33,! 

13.30 


I3..")l, 

13.44 

i 

I  11.3.3, 
;  11.23 


I  lo.so, 

j  10.79 

I  10.02. 
10.61 


14.20,1 
1  14.09  j 

!  9  9.3,  j 

I  9.92  1 


14.32.1 

14.29 


9.0.3, 

9.49 


Empirical 

formula 

Ci3H,,\4F.,CI 

C13H9N4F0CI 

C,3n9X4F,Cl 

G13II9N4CI3 

r.,;,ii.jX4Ci3 

C,3n9X4ClBr2 

Cj3ll9X4ClBro 

^'i3^^o^4ClBr._, 

CioiioX.cir. 

r,,3ii,,X4(:ii, 


C13B9X4CII2 


C^UtN^CIs 

Ci3ll7N’4CIBr4 


CnllrNrCI,^ 

G,;!ll7X4ClBr4 


Calc. 
<7o.  N 

19.01 

19.01 

19.01 

17.10 

17.10 

13.45 

13.45 

13.45 

10.97 

10.97 

10.97 

14.13 
I  9.7.3 

1  14.13 

I 

I 

I 

’  9.73 
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( Continued) 


Name  of 

3- chloroformazan 

Yield 

(%) 

M.p. 

^Iax.  ab¬ 
sorption 
(mp) 

1 

*^.2  a. 

Found 

% 

N 

Empirical 

formula 

Calc. 

N 

l,5-Di(2',3-dichlorophen- 
yl )-  3  -  chloroformazan 

53 

165-167° 

(from 

dioxane) 

257, 

425 

350 

14.11, 

14.02 

C,3n7N4Cl6 

14.13 

1,5-  Di(3,4-  dichlorophen- 
yl)-  3-  chloroformazan 

96 

147—149 

(from 

dioxane) 

264, 

430 

365 

14.19, 

14.09 

C13H7N4CI5 

14.13 

1,5-  Di(2'-  chloro-  5-tri- 
fluoromethylphenyl) 

3-  chloroformazan 

59 

179-180 
(from  al- 
cohol-di- 
oxane  mix¬ 
ture) 

262, 

294, 

415 

1 

285. 

330 

11.91, 

11.81 

Ci5R7N4F(jCl3 

12.16 

The  substituted  formazans  proved  to  be  suitable  as  chelating  agents  for  various  cations  [6-9] . 

For  this  reason  it  seemed  of  interest  to  synthesize  a  number  of  mono-  and  dihalo- substituted  derivatives 
of  l,5-diphcnyl-3-chloroformazan.  We  obtained  these  compounds  by  reacting  derivatives  of  benzencdiazonium 
chloride  with  the  dipotassium  salt  of  chloromalonic  acid  in  aqueous  solution  containing  sodium  acetate. 

i  t 

RN=Nv  » 

2fRN=Nrci  +  CHCl(CO!,K),  CH,CO,Na  >C— Cl -f  2KCI  +  2CO, 

*  RNH— 

6  4 

The  properties  of  the  sy::thosized  compounds  are  given  in  the  table. 

The  mono-  and  dihalo- substituted  derivatives  of  the  l,5-diaryl-3-chloroformazans  are  crystalline  prod¬ 
ucts,  often  with  a  metallic  luster,  having  either  a  yellow-orange  or  a  red- orange  color.  They  are  readily  solu¬ 
ble  in  dioxane,  acetone,  chloroform  and  pyridine,  less  readily  soluble  in  benzene,  alcohol  and  carbon  tetrachlo¬ 
ride,  and  insoluble  in  water. 

The  absorption  spectra  of  alcohol  solutions  of  the  1,5- diphenyl- 3- chloroformazan  derivatives  synthesized 
by  us  were  taken  using  an  SF-4  spectrophotometer  at  5mfi  intervals  along  the  curve,  and  at  2  mp  intervals  in 
the  extreme  regions  of  absorption.  From  a  portion  of  the  obtained  absorption  curves  it  can  be  seen  (Figure)  that 
in  going  from  the  p-fluoro  to  the  p-iodo  derivative  of  1,5- diphenyl- 3- chloroformazan,  a  bathochromic  shift  of 
8  mp  is  observed  in  the  250-265  mp  region  and  one  of  15  mp  in  the  410-440  mp  region. 

EXPERIMENTAL 

We  obtained  the  starting  o-,  m-  and  p- fluoroanilines  from  the  corresponding  nitroanilines  through  the 
fluoborates  of  the  diazo  compounds  [10],  with  their  subsequent  decomposition  to  the  fluoronitrobenzenes  and  re¬ 
duction  to  the  corresponding  amines  [11]. 

o- lodoaniline  was  obtained  by  the  Baeyer  method  [12].  The  2,5-dichloro-  and  2,5-dibromoanilines  were 
obtained  by  the  nitration  of  the  corresponding  p-dichloro-  and  p-dibromobenzenes  [13]  and  reduction  of  the 
nitro  derivatives  with  iron  in  hydrochloric  acid  medium,  analogous  to  the  reduction  of  2-chloro-5-trifIuorometh- 
ylnitrobenzene  [14]. 

Chloromalonic  ester  and  the  dipotassium  salt  of  chloromalonic  acid  were  obtained  by  the  Irving  and  Bell 
method  [3]. 

The  substituted  3- chloroformazan  derivatives  were  obtained  by  the  general  method  given  below  for  the 
o-fluoro  derivative. 
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1,5- Di(o-  fluorophcnyl)- 3- chloroformazan.  A  solution  of  3  g  of  o- fluoroaniline  in  15  ml  of  12  “yo hydrochlo¬ 
ric  acid  was  diazotizcd  at  0"  with  a  solution  of  2.2  g  of  sodium  nitrite  in  5  ml  of  water.  The  solution  was  filtered 
and  the  filtrate  was  poured  rapidly  into  a  cooled  stirred  solution  of  2.9  g  of  potassium  chloromalonate  and  5.8  g 
of  sodium  acetate  in  15  ml  of  water.  The  solution  turned  turbid  at  first,  then  became  yellow,  and  finally  as¬ 
sumed  a  red  color.  Carbon  dioxide  was  evolved.  The  mixture  was  stirred  at  0*  for  8  hr,  then  for  2  hr  at  room 
temperature,  diluted  with  150  ml  of  water,  and  stirred  for  another  hour.  The  obtained  red  precipitate  was  filtered, 
washed  on  the  filter  several  times  with  water,  and  dried  in  the  air.  Yield  1.9  g.  After  recrystallization  from 
aqueous  acetone  the  compound  was  obtained  as  red- orange  crystals  with  a  metallic  luster. 

SUMMARY 

Seventeen  new  mono-  and  dihalo-substituted  derivatives  of  l,5-diphenyl-3-chloroformazan  were  synthe¬ 
sized  and  the  absorption  spectra  of  their  alcohol  solutions  were  measured. 
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QUINOLINE  AND  ITS  DERIVATIVES 

XXVn.*  CO-CONDENSATION  OF  GLYCERALDEHYDE 
AND  3-PHENYLGLYCERALDEHYDE  WITH  AROMATIC  AMINES 

B.  I.  Ardashev  and  V.  I.  Minkin 
Novocherkassk  Polytechnic  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  12,  pp.  4005-4007, 
December,  1960 

Original  article  submitted  February  8,  1960 


It  was  indicated  earlier  that  besides  acrolein,  it  is  possible  for  glyceric  and  hydracrylic  (0  -hydroxypropi- 
onic)  aldehydes  to  take  part  in  the  Skraup  synthesis  [1].  The  important  role  of  hydracrylaldehyde  in  the  mechan¬ 
ism  of  the  Skraup  reaction  was  shown  recently  [2-4].  The  experimental  results  obtained  in  the  present  paper  on 
the  reaction  of  diphenylamine  with  acrolein  in  acid  medium  serve  to  confirm  these  observations.  The  impossib¬ 
ility  of  obtaining  N-phcnylquinolinium  salts  by  this  method  is  evidence  against  the  possible  scheme  of  aromatic 
amines  reacting  with  hydracrylaldehyde  where  the  latter  is  first  dehydrated  to  acrolein. 

We  were  also  unable  to  obtain  N-phenylquinolinium  salts  when  we  attempted  to  cyclize  l,3-bis(diphenyl- 
amino)propene,  obtained  by  the  reaction  of  acrolein  with  diphenylamine  in  neutral  medium  [5],  under  various 
conditions.  This  fact,  as  well  as  a  number  of  other  facts  discussed  earlier  [6],  contradicts  the  theory  that  dianils 
of  hydracrylaldehyde  and  0  -hydroxyacrolein  may  be  the  principal  intermediate  products  of  the  Skraup  reaction 
[7]. 

In  running  the  Skraup  synthesis  it  is  possible  for  glyceraldehyde,  formed  in  the  oxidation  of  glycerol  by 
mild  oxidizing  agents,  which  role  can  be  played  by  nitroaromatic  compounds  [8],  to  be  formed  in  the  reaction 
medium.  We  studied  the  reaction  of  glyceraldehyde  and  3-phenylglyceraldehyde  with  aromatic  amines  under 
various  conditions.  Quinoline  is  obtained  in  small  yield  when  glyceraldehyde,  taken  as  the  diethyl  acetal,  is 
added  to  aniline  in  coned,  sulfuric  acid  at  100-140*.  We  were  unable  to  isolate  the  quinoline  base  when  aniline 
was  replaced  by  p-anisidine. 

Instead  of  the  possible  4-phenylquinoline,  the  reaction  of  3-phcnylglyceraldehyde  with  aniline  in  the  pres¬ 
ence  of  sulfuric  acid  yields  2-phenylquinoline,  which  was  also  obtained  from  the  anil  of  3-phenylglyceraldehyde 
[6,  9].  The  yield  can  be  increased  somewhat  if  an  excess  of  aniline  is  used.  The  mechanism  for  the  formation 
of  the  quinoline  bases  is  depicted  in  accordance  with  the  scheme  [6]; 


•See  Zhur.  Obshchei  Khim.  Nos.  1,  4,  9  and  11  (1959)  and  No.  5  (1960),  and  also  Uchenye  Zapiski  Rostov  na 
Don  Gosudarst.  Univ.,  No.  10  (1959). 
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The  formation  of  malonaldehyde  dianil  (H)  from  the  monoanil  (I)  may  also  be  depicted  by  the  scheme  of 
disproportionation  of  the  latter  into  malonaldehyde  and  its  dianil  [10].  Quinoline  [10]  was  obtained  in  9-15*7o 
yield  from  malonaldehyde  monoanil  (Claisen  compound),  which  agrees  with  '•he  results  of  our  experiment. 

The  low  yield  of  quinoline  bases  is  explained  by  the  fact  that  methylglyoxal  monoanils  [11],  which  poly¬ 
merize  with  ease,  are  formed  in  the  dehydration  of  the  glyceraldehyde  anils. 

EXPERIMENTAL 

Reaction  of  diphenylamine  with  acrolein.  For  reaction  we  took  34  g  of  diphenylamine,  30  g  of  nitroben¬ 
zene  and  36  g  of  coned.  112804.  This  mixture  was  heated  to  100*  and  then  12  ml  of  acrolein  was  added  in  drops, 
after  which  the  temperature  was  raised  to  140“  and  kept  at  this  level  for  1-1.5  hr.  The  product  was  isolated  in 
the  same  manner  as  described  previously  [12].  We  obtained  10-13  g  of  colorless  crystals  with  m.p.  167",  and 
analyzing  6. 80%  nitrogen. 

In  different  experiments,  depending  on  the  ratios  of  the  starting  products  and  the  reaction  time,  the  melt¬ 
ing  points  of  the  obtained  products  ranged  from  152  to  167*.  Replacement  of  the  acrolein  by  glycerol  gave  sim¬ 
ilar  products  with  m.p.  148-154*.  The  structure  of  these  products  was  not  established. 

Quinoline.  Five  milliliters  of  coned.  112804  was  added  to  4  g  of  aniline  with  cooling  and  then  3.6  g  of 
glyceraldehyde  diethyl  acetal  [13]  was  added  gradually  in  15-20  min  at  80-100*,  after  which  the  mixture  was 
kept  at  100*  for  1  hr.  The  free  bases  were  isolated  by  steam  distillation  from  alkaline  solution,  while  the  terti¬ 
ary  amines  were  precipitated  with  potassium  ferrocyanide  [14].  Quinoline  was  isolated  as  the  picrate  from  sat¬ 
urated  alcohol  solution.  The  yield  of  the  picrate  was  1.28  g  (8.37o).  M.p.  200*.  The  mixed  melting  point  with 
authentic  quinoline  picrate  was  not  depressed. 

2- Phenylquinoline.  For  reaction  we  took  4  g  of  aniline,  6  ml  of  coned.  H2SO4  and  10  g  of  3-phenylglycer- 
aldehyde  diethyl  acetal.  The  reaction  was  run  in  the  same  manner  as  in  the  sjatthesis  of  quinoline.  The  free 
base  was  extracted  with  ether,  and  removal  of  the  ether  by  evaporation  left  the  2-phenylquinoline  as  a  crystal¬ 
line  product.  Yield  0.54  g  (6.1%),  m.p.  79-80*. 

Found  %:  N  6.69.  CisHuN.  Calculated  %;  N  6.82. 

Picrate,  m  p.  188*. 

3- Phenylglyccraldehyde  anil.  A  yellow  crystalline  precipitate  began  to  deposit  immediately  when  3.1  g 
of  aniline  was  mixed  with  8  g  of  3- phenyl  glyceraldehyde  diethyl  acetal.  M.p.  96-97*  (from  alcohol). 

Found  %:  N  5.63.  C15H15O2N.  Calculated  %;  N  5.83. 

2-Phenylquinoline  from  the  anil.  To  6.3  g  of  3-phenylglyccraldehyde  anil  was  added  1.8  g  of  aniline  and 
6  ml  of  coned.  H28O4.  The  temperature  was  raised  gradually  to  140*  and  then  kept  at  140*  for  1  hr.  The  free 
base  was  isolated  by  extraction  with  ether.  Yield  0.42  g  (10.3%).  M.p.  79*. 

Picrate,  m.p.  189*. 


SUMMARY 

1.  The  results  of  the  experiments  on  the  reaction  of  diphenylamine  with  acrolein  confirm  the  scheme  for 
the  formation  of  quinolines  from  aromatic  amines  and  hydracrylaldehyde. 

2.  It  was  established  that  glyceraldehyde  and  3-phenylglyceraldehyde  when  reacted  with  aniline  form 
quinolines  in  7- 10%  yield,  as  a  result  of  which  this  reaction,  in  contrast  to  the  reaction  with  hydracrylaldehyde, 
apparently  has  little  importance  for  the  mechanism  of  the  Skraup  reaction. 
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Ring  expansion  of  carbocyclic  ketones  under  the  action  of  diazomethane  has  been  amply  investigated, 
whereas,  relatively  little  attention  has  been  paid  to  the  expansion  of  heterocyclic  ketones.  It  was  shown  [1]  that 
tetrahydro-4-thiapyrone  is  smoothly  converted  by  diazomethane  in  situ  into  a  1  ;  1  mixture  of  l-thiacyclo-4- 
heptanone  and  4-methylenetetrahydrothiapyran  in  a  total  yield  of  82“7a  Ring  expansion  of  tetrahydro-4-pyrone 
goes  with  very  great  facility  under  the  action  of  an  ethereal  solution  of  diazom ethane  ex  situ  with  formation  of 
l-hydroxy-4-cyclopentanone  (60°/o)  and  4-methylenetetrahydropyian  (23°/o)  [2].  Treatment  of  1- benzyl- 4 -pi- 
peridonc  with  diazomethanc  in  situ  gives  1- benzyl- 1-azacyclo- 4- pentanone  (38*70)  [3].  Ring  expansion  of  five- 
membered  heterocyclic  ketones  has  not  been  studied.  Very  little  work  also  has  been  done  on  ring  expansion  of 
five-membered  carbocyclic  ketones.  All  that  we  know  in  this  field  is  that  cyclopentanone  reacts  with  diazo¬ 
methane  to  give  a  mixture  of  cycloheptanone,  a- oxides,  and  cyclooctanone  [4]. 

We  reported  previously  [5]  that  2,2,5,5-tetramethyl-3- furanidone  undergoes  ring  expansion  when  treated 
with  diazomethane,  and  forms  a  mixture  of  the  isomeric  2,2,6,6-tetramethyltetrahydro-3-pyrone  (H)  and 
2,2, 6 , 6- 1 etiam ethyltetrahydro-  4- pyrone  (HI). 
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For  resolution  of  this  mixture  we  took  advantage  of  the  ability  of  the  tetrahydropyrone  (HI)  to  react  with 
sodium  bisulfite  [6];  the  tetrahydropyrone  (11),  containing  only  one  a-mcthylene  group,  does  not  react. 

For  expansion  of  the  ring  of  the  furanidone  (I)  we  utilized  an  ethereal  solution  of  diazomethane  [4],  N- 
nitroso-N-methylurea  [7],  N-nitroso-N-methylurethane  [8],  and  N-nitroso-N-methylurethylane  The  tableshows 
that  the  best  reagent  for  ring  expansion  of  the  furanidone  (I)  is  N-nitroso-N-methylurethane;  very  similar  results, 
however,  are  obtained  with  N-nitroso-N-methylurethylane.  We  are  the  first  to  use  the  latter  for  ring  expansions. 

Compound  (H)  predominates  considerably  in  the  resulting  mixture  of  tetrahydropyrones,  compound  (IE) 
being  present  only  in  traces.  No  difficulties  arise  in  the  separation  of  the  minute  quantities  of  (m),  so  that  this 
reaction  can  be  recommended  as  a  method  of  synthesis  of  2,2,6,6-tetramethyltotrahydro-3-pyrone  (H),  a  repre¬ 
sentative  of  the  class  of  tetrahydro-8  -pyrones  which  has  scarcely  been  studied  (the  only  member  to  be  described 
in  the  literature  is  2,2-diphenyltetrahydro-3-p)'rone  [9]). 

In  order  to  verify  the  structure  of  tetrahydropyrone  (EL),  we  oxidized  it  with  selenium  dioxide  and  obtained 
A*-2,2,6,6-tetramethyldihydro-3-p)T:one-4-ol  (W). 
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The  ultraviolet  spectrum  of  compound  (IV)  had  265  mp.  log  e  3.92  (in  methanol),  in  good  agree¬ 
ment  with  literature  data  for  a  carbocyclic  diosphcnol  of  analogous  structure:  Xmax  log  6  3.90  in 

methanol  [10].  The  a- dicarbonyl  structure  of  (IV)  was  also  confirmed  by  preparation  of  the  quinoxaline  deriva¬ 
tive- 2, 2,4, 4-tetramethyltctrahydro- (3, 4-b)-pyranoquinoxaline. 


By  benzyl  rearrangement  of  the  diosphenol  (IV)  we  obtained  3-hydroxy-2.2,5,5-tetramethylfuranidlne- 
3- carboxylic  acid  (V);  we  also  synthesized  it  by  another  route  [11]  from  the  furanidone  (I)  via  the  cyanohydrin 
(VI)  and  the  amide  (VII). 
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It  may  be  noted  that  hydroxynitrile  (VI)  and  amide  (VII)  had  higher  melting  points  than  were  recorded  in 
[11]  (7  and  20“  higher  respectively).  Their  solubility  was  also  higher  than  previously  reported.  By  cleavage  of 
amide  (VII)  with  nitrous  acid  we  obtained  a  hydroxyacid  identical  with  the  hydroxyacid  (V)  prepared  from  the 
diosphenol  (IV).  These  reactions  demonstrated  the  presence  of  a  six-membered  oxygen-containing  ring  in  com¬ 
pound  (II).  Additional  evidence  was  an  intense  absorption  band  with  a  frequency  of  1726  cm’^  in  the  infrared 
spectrum  of  tetrahydropyrone  (H).  This  band  is  characteristic  of  the  carbonyl  group  in  six-membered  cyclic 
ketones  [12]. 


Yields  of  2,2,6,6-Tetramethyltetrahydro-3-pyrone  (H)  and  2,2,6,6-Tetramethyltetrahydro- 
4-pyrone  (HI) 
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The  second  compound  formed  from  furanidone  (I)  by  treatment  with  diazomcthane~2,2.6,6-tetramcthyl- 
tetrahydro-4-pyrone  (HI)" has  been  described  in  the  literature.  Its  oxime  (m.p.  101°)  [6]  and  semicarbazone 
(m.p.  212")  [13]  have  also  been  described.  vOur  semicarbazone  of  the  tetrahydropyrone  (El)  had  m.p.  220*.  We 
therefore,  prepared  (HI)  from  phorone,  as  described  in  [13],  but  again  the  semicarbazone  melted  at  220",  and 
there  was  no  depression  in  a  mLxed  melting  point  test  with  the  semicarbazone  of  tetrahydropyrone  (III)  prepared 
by  expansion  of  the  ring  of  furanidone  (I). 

The  high-boiling  fractions  remaining  after  separation  of  tetrahydrop)Tones  (H)  and  (HI)  were  treated  with 
sodium  bisulfite.  By  decomposition  of  the  bisulfite  derivative  we  then  obtained  the  pure  seven- membered  ke¬ 
tone  (Vin)“l-oxa-2,2,7,7-tetramethyl-4-cyclopentanone  (267oof  the  weight  of  all  the  high-boiling  fractions); 
ircatmcnt  of  the  aqueous  solution  with  semicarbazide  gave  a  mixture  of  semicarbazoncs  (~  30%).  By  fractional 
crystallization  of  this  mixture  was  isolated  the  semicarbazone  of  the  seven- membered  ketone  (IX);  decomposi¬ 
tion  of  the  latter  gave  the  seven- membered  ketone  (IX)- l-oxa-2,2,7,7-tetramethyl-3-cyclopentanone  (6.3%of 
the  weight  of  the  high- boiling  fractions). 


(I)  -}-  2Cn.2N2  ►  H3C 


(Vlll) 


CII3  H3C 


\1 


1/ 


ClI; 


(IX) 


It  should  be  noted  that  cyclic  ketones  (I),  (H).  (HI),  (VIII),  and  (LX)  form  semicarbazoncs  at  different  rates: 
ketones  (HI)  and  (VUI)  (lacking  substituents  in  the  a- position  to  the  carbonyl)  form  them  instantaneously  when 
the  reactants  arc  mixed  in  the  cold;  ketones  (I),  (H),  and  (IX)  (with  two  methyl  groups  at  the  carbon  adjacent  to 
the  carbonyl)  only  form  them  after  heating  or  after  prolonged  standing  The  inhibiting  effect  in  the  ketones  of 
the  second  group  is  undoubtedly  due  to  screening  of  the  ketonic  group  by  the  two  methyls. 

An  interesting  feature  of  our  experiments  on  ring  expansion  of  2,2.5,5-tetramcthyl- 3- furanidone  by  treat¬ 
ment  with  diazomethane  is  that  one  of  the  possible  isomers- tetrahydropyrone  (n)-is  formed  almost  e.xclusively. 
The  reason  for  this  must  be  sought  in  the  relative  reactivities  of  compounds  (11)  and  (HI),  since  it  has  been  estab¬ 
lished  that  the  direction  of  expansion  of  aromatic  ring- substituted  2-arylcyclohexanones  does  not  depend  on  the 
nature  of  the  substituent  in  the  aromatic  ring,  i.e.,  it  does  not  depend  on  the  electronic  character  of  the  substit¬ 
uent  in  the  a- position  of  the  cyclic  ketone. 

The  first  step  in  our  reaction  of  furanidone  (I)  with  diazomethane  is  ring  expansion  with  formation  of 
comparable  quantities  of  tetrahydropyrones  (II)  and  (HI).  In  respect  of  the  character  of  the  environment  of  the 
carbonyl  group,  tetrahydropyrone  (H)  resembles  furanidone  (I),  and  therefore  to  a  first  approximation  (neglecting 
the  influence  of  the  size  of  the  ring)  it  must  interact  with  diazomethane  at  a  speed  approximating  to  the  speed 
of  its  interaction  with  furanidone  (I),  which  reacts  sluggishly  with  diazomethane  (see  table).  Consequently  the 
resulting  tetrahydropyrone  (H)  does  not  undergo  further  substantial  changes,  and  we  separated  the  greater  part  of 
it  from  the  reaction  mixture.  Nevertheless  its  ring  does  undergo  expansion  to  a  minute  extent,  as  reflected  in 
the  presence  of  the  seven- membered  ketone  (IX)  in  the  higher- boiling  fractions. 

(I)  — (II)  -f  (III) 

CH,N,  I  slowly  CH,N,|  rapidly 

(ViiD  +  dX)  (vin) 

A  different  reactivity  is  exhibited  by  tetrahydropyrone  (HI)  which  lacks  substituents  at  the  carbon  atom 
adjacent  to  the  carbonyl  group.  In  this  respect  it  resembles  tetrahydro-4-pyrone  which  is  known  to  react  with 
very  great  facility  with  diazomethane  to  give  an  expanded  ring  [2].  The  second  step  is  therefore  ring  expansion 
of  the  resulting  tetrahydropyrone  (HI)  under  the  action  of  diazomethane  to  form  the  seven- membered  ketone 
(VIH),  a  considerable  quantity  of  which  (up  to  26%)  was  isolated  from  the  high- boiling  fraction  of  the  reaction 
product. 
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The  hoinolog  of  furanidonc  (I)- 2.5-dimethyl-2,5-diethyl-3-furanidone  (X)“reacts  very  much  more  slug¬ 
gishly  with  diazometlianc:  from  the  reaction  mixture  was  isolated  2,6-dimcihyl-2,6-diethyltctrahydro-3-pyrone 
(XI)  •  f37'’/'on  tlie  furanidone  (X)  consumed  and  6.5^70  on  the  furanidone  brought  into  reaction];  under  these  con¬ 
ditions  2.C-dimcthyl-2.G-dicthyltetrahydro-4-p)Tonc  is  not  formed  at  all. 


IlaC 

'UC, 


X 


f 

1  l/CIi;,  -f  CII2N2  — ► 
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(X) 


(XI) 


The  reaction  of  the  lower  homolog  of  furanidone  (I)- 2,5-dimethyl- 3- furanidone  (Xn)-with  diazometh- 
anc  goes  very  much  more  energetically  than  that  of  furanidone  (I)  [only  2l7oof  unchanged  furanidone  (XII)  was 
isolated],  but  it  leads  to  a  complex  mixture  from  which  only  3- methylene- 2,5- dimethylfuranidine  oxide  (XDl) 
could  be  isolated,  in  negligible  yield.  Compound  (XIH)  was  identified  through  the  derived  aminoalcohol  (XIV). 


H;,cJ  J-CHa 

(XII) 


CH,N, 


Clla  c,ii„N 


llaC-V 

(XIII) 


Oil 

I - ^ 

II3C-I  J-CH3 

(XIV) 


EXPERIMENTAL 

Sublimation  was  effected  in  a  2-3  mm  vacuum.  Semicarbazones  were  prepared  by  the  normal  procedure 
[15].  N-Nitroso-N-methylurethylane  was  prepared  by  nitrosation  of  N-methylurethylane  by  a  procedure  similar 
to  that  used  for  nitrosation  of  N-methylurethane  [16].  Phorone  was  synthesized  by  the  method  of  [17]  as  modi¬ 
fied  by  Kazantsev  [18]. 

2,2,6,G-Tetramethyltctrahydro-3-pyrone  (II)  and  2,2,6,6-tetramethyltctrahydro-4-pyrone  (III).  To  a  well- 
stirred  suspension  of  1  g  of  freshly  calcired,  finely  pulverized  potassium  carbonate  in  a  solution  of  42.6  g  of 
furanidonc  (i)  (b.p.  147-149“  at  755  mm,  n^®D  1.4202)  [19]  in  80  ml  of  absolute  methanol  was  added  dropwise  in 
the  course  of  7  hr  39.6  g  of  N-nitroso- N-methylurethane  at  15-20*.  The  mixture  was  left  overnight.  Addition 
of  300  ml  of  absolute  ether  was  followed  (half  an  hour  later)  by  separation  of  the  precipitate.  The  ether  was 
distilled  from  the  filtrate  and  the  methanol  was  distilled  in  vacuo;  the  latter  was  redistilled,  and  the  residues 
were  combined  and  fractionated  in  vacuo.  The  following  were  obtained:  a)  18.25  g  (43*70)  of  unchanged  furan¬ 
idone  (I),  b.p.  59-64“  (29  mm),n^D  1.4200;  b)  15.5  g  of  a  mixture  of  tetrahydropyrones  (II)  and  (HI),  b.p.  72.5- 
74.5“  (18  mm),  n^D  1.4410;  c)  5  g  of  high- boiling  residue. 

The  mixture  of  tetrahydropyrones  (II)  and  (HI)  was  diluted  with  100  ml  of  ether  and  shaken  for  2-3  days 
with  200  ml  of  concentrated  sodium  bisulfite  solution.  The  ethereal  layer  was  separated  and  the  aqueous  layer 
thoroughly  extracted  with  ether.  The  ether  was  driven  off  from  the  combined  extracts  (after  drying  with  potas¬ 
sium  carbonate),  and  the  residue  distilled  to  give  pure  tetrahydropyrone  (H)  in  the  form  of  a  colorless  liquid  with 
a  camphor  odor. 

M.p.  6-7“,  b.p.  62-63“  (9  mm),  n^^D  1.4413.  0.9529,  MRq  43.32;  calc.  43.22. 

Found  %:  C  69.20,  69.26;  H  10.49,  10.44.  C9H16O2.  Calculated  *7o:  C  69.19;  H  10.32. 

Semicarbazone;  colorless  needles  with  m.p.  197-198“  (from  water). 

Found  N  19.53,  19.73.  CjoHisOzNa.  Calculated  N  19.70. 

Benzylidene  derivative.  A  mixture  of  500  mg  of  tetrahydropyrone  (H),  680  mg  of  benzaldehyde.  1  ml  of 
20*7o  sodium  hydroxide  solution,  and  10  ml  of  alcohol  was  left  for  a  week  at  20“,  after  which  the  alcohol  was 
taken  off  in  vacuo.  Treatment  of  the  residue  with  boiling  water  gave  an  oil  which  crystallized  on  cooling. 
Colorless  crystals,  m.p.  79-80“  (from  aqueous  alcohol). 

Found  *70;  C  78.50,  78.64;  H  8.40,  8.39.  C16H20O2.  Calculated  <7o:  C  78.65;  H  8.25 

•Tetrahydropyrone  (XI)  was  prepared  in  the  analytically  pure  state  by  decomposition  of  its  2,4-dinitrophenyl- 
hydrazone  with  pyruvic  acid. 
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The  bisulfite  solution  together  with  the  solid  bisulfite  compound  (if  the  latter  had  come  down)  were  de¬ 
composed  with  excess  of  solid  potassium  or  sodium  carbonate  and  thoroughly  extracted  with  ether.  To  the 
residue  (after  the  ether  had  been  removed)  were  added  500  mg  of  semicarbazide  hydrochloride  and  750  mg  of 
sodium  acetate  in  the  minimum  quantity  of  water.  Tetrahydropyronc  (El)  semicarbazide  came  down;  m.p.  219- 
220*  [decomp.,  measured  after  insertion  in  a  block  heated  to  205*  (from  water)];  lustrous  scales;  the  literature 
[13]  gives  m.p.  212"  (decomp.). 

Found  N  19.64.  19.58.  CioHisOjNa.  Calculated  N  19.70. 

l-Oxa-2,2,7,7-tctramethyl-4-cyclopcntanonc  (VITT)  and  l-oxa-2,2,7,7-tctramethyl-3-cyclopentanone 
(IX ).  The  high- boiling  residues  from  all  the  experiments  (61.7  g)  were  distilled  in  vacuo,  and  the  65-85*  (5  mm) 
fraction  was  taken  off  (53.2  g)  and  shaken  for  tliree  days  with  150  ml  of  concentrated  sodium  bisulfite  solution. 

The  precipitate  (36  g)  was  collected  and  washed  with  ether.  The  ethereal  solution  was  separated,  150  ml  of  so¬ 
dium  bisulfite  solution  was  added,  and  the  mixture  shaken  for  another  three  days  (no  precipitate).  The  ethereal 
layer  was  separated  and  the  bisulfite  solutions  extracted  with  ether.  The  bisulfite  derivative  was  added  to  the 
extracts  and  the  whole  decomposed  with  solid  potassium  carbonate.  Ketone  (VIE)  was  distilled  with  steam,  the 
distillate  saturated  with  potassium  carbonate  and  extracted  with  ether.  The  ether  was  driven  off  from  the  ex¬ 
tracts  (after  drying  with  magnesium  sulfate),  and  the  residue  crystallized.  Yield  16.1  g  of  ketone  (VIE);  color¬ 
less  prisms  with  a  camphor  odor.  m.p.  20.5-21.5*  (from  n-hexane  at -70*  and  after  distillation  in  vacuo); 
b.p.  68-69*  (2  mm),  n^®D  1.4587  (in  the  supercooled  state). 

Found  C  70.43,  70.29;  H  10.54,  10.59.  CioHjsOj.  Calculated  °loi  C  70.54;  H  10.66. 

Semicat bazone:  lustrous,  lamellar  crystals,  m.p.  199*  (from  aqueous  alcohol). 

Found  N  18.77,  18.63.  CnHziOjNa.  Calculated  N  18.49. 

The  combined  ethereal  solutions  that  remained  after  separation  of  the  bisulfite  derivative  were  dried  with 
potassium  carbonate,  the  ether  was  driven  off,  and  the  residue  fractionated  in  vacuo  to  give  the  following  frac¬ 
tions;  1st,  b.p.  65-70*  (5  mm),  n^b  1.4522,  16.85  g;  2nd.  b.p.  70-75*  (5  mm),  n^^D  1.4543,  3.1  g. 

From  the  1st  fraction  was  obtained  61  g  of  a  mixture  of  semicarbazones.  and  from  the  2nd  1.63  g.  Frac¬ 
tional  crystallization  from  aqueous  alcohol  gave  5.15  g  of  the  semicarbazone  of  ketone  (IX);  colorless  crystals 
with  m.p.  213-213.7*. 

Found  C  58.39,  58.21;  H  9.33,  9.10;  N  18.86.  18.69.  CiiH2i'32N3.  Calculated  C  58.12;  H  9.31; 

N  18.49. 

The  5.15  g  of  the  semicarbazone  of  ketone  (LX)  was  boiled  in  50  ml  of  saturated  aqueous  oxalic  acid  solu¬ 
tion  for  10  min,  the  ketone  (IX)  distilled  with  steam,  and  the  distillate  saturated  with  potassium  carbonate  and 
extracted  with  ether.  The  ether  extracts  were  dried  with  magnesium  sulfate,  the  ether  driven  off,  and  the  resi¬ 
due  distilled  in  vacuo  to  give  2.22  g  of  ketone  (DC);  a  colorless  liquid  with  a  pleasant,  characteristic  odor. 

B.p.  84-84.5*  (3  mm).  n^^D  1.4573,  d^°4  0.9456.  MR^  49.06;  calc.  47.83. 

Found  C  70.64,  70.50;  H  10.73,  10.74.  C10H13O2.  Calculated  %:  C  70.54;  H  10.66. 

2,2,6,6-Tctramcthyltetrahydro-4-pyronc  (IE)  from  phorone  [13].  A  stream  of  dry  hydrogen  chloride  was 
passed  into  21  g  of  ice- cooled  phorone  until  the  weight  increase  was  11.8  g  (calculated  11.1  g).  The  mass  was 
left  overnight  in  a  refrigerator  and  washed  four  times  with  water.  The  heavy,  colorless  oil  was  separated,  stirred 
for  3  hr  with  100  ml  of  water  at  90-95*,  saturated  with  sedium  chloride,  and  extracted  with  ether.  The  extracts 
were  dried  with  magnesium  sulfate,  the  ether  was  distilled  off,  and  the  residue  fractionated  in  vacuo  to  give 
1.25  g  (5%)  of  tetrahydropyrone  (IE);  a  colorless  liquid  with  a  camphor  odor,  b.p.  62.5-63.5*  (11  mn^,  n^®D  1.4377. 

Literature:  b.p.  73-75*  (17  mm),  n^®D  1.4540  [13],  b.p.  70*  (15  mm).  n^^D  1.4432  [6]. 

Semicarbazone:  m.p.  220“  (decomp.)  (from  aqueous  alcohol).  No  depression  in  a  mixed  melting  test  with 
the  semicarbazone  of  the  tetrahydropyrone  (IE)  described  above. 

Found  %:  N  19.68,  19.66.  CioHi302N3.  Calculated  %:  N  19.70. 
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m.p.  155.5-156.5*  (after  rcprecipitation  from  alkaline  solution  and  sublimation  in  vacuo).  A  mixture  with  acid 
(V)  obtained  from  diosphenol  (IV)  did  not  have  a  depressed  melting  point. 

2.6-Dimethyl- 2, 6-diethyltetrahydro- 3- p\Tone  (XI)-  Dropwise  addition  was  made  at  a  uniform  rate  of 
78  g  of  N-nitroso-N-methylurethylane  during  30  hr  at  15-20*  to  a  vigorously  stirred  suspension  of  3  g  of  freshly 
calcined  and  finely  pulverized  potassium  carbonate  in  102  g  of  furanidonc  (X)  (b.p.  64-65*  at  5  mm,  n®D  1.4373 
[19])  in  200  ml  of  anhydrous  methanol.  The  product  was  worked  up  in  the  usual  manner  to  give  two  fractions: 
a)  Unchanged  furanidone  (X)  (84.25  g.  82.5%)  with  b.p.  63-66*  at  5  mm,  n^^D  1.4368. 
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2.4- DinitroplicnyIliydrazone;  m.p.  134.5*  (from  alcohol). 

Found  N  15.99.  15.90.  Ci6H2205N4.  Calculated  N  15.99. 

b)  A  fraction  (9.35  g)  with  b  p.  81-90*  at  5  mm,  n^^D  1.4500,  not  reacting  with  sodium  bisulfite.  Its  solu¬ 
tion  in  50  ml  of  alcohol  was  added  to  a  solution  of  11  g  of  2,4-dinittophenylhydrazine  in  22  ml  of  sulfuric  acid 
and  100  ml  of  alcoliol  There  was  obtained  14  g  of  the  2,4-dinitrophenylhydrazone  of  tetrahydropyTone  (XI) 
with  m.p.  89.5-90*  (from  alcohol);  yellow  needles. 

Found ‘7o;  C  56.44.  56.39;  H  6.84.  6.78;  N  15.36.  15.57.  Ci7H^05N4.  Calculated  %;  C  56.03;  H  6.64; 

N  15.38. 

A  mixture  of  14  g  of  the  2.4-dinitrophenylhydrazone  of  (XI),  10  ml  of  pyruvic  acid.  30  ml  of  acetic  acid, 

50  ml  of  chloroform,  and  2  ml  of  concentrated  hydrobromic  acid  was  heated  for  3  hr  at  50-60*  until  crystals  of 
the  2,4-dinitrophcnylhydrazone  of  pyroracemic  acid  ceased  to  come  down.  After  cooling,  the  crystals  were 
separated  and  washed  with  chloroform.  The  filtrate  was  poured  into  a  mixture  of  ice  and  salt,  made  strongly 
alkaline  with  sodium  hydroxide  solution,  and  extracted  with  ether.  Ether  and  chloroform  were  taken  off  (after 
drying  with  potassium  carbonate)  and  the  residue  distilled  in  vacuo  to  give  3.3  g  (46.5%)  of  tetrahydropyTone  (XI); 
a  colorless  liquid  with  a  camphor  odor. 

B.p.  62-63*  (2  mm);  91-92*  (11  mm),  n^°D  1.4474,  d2®4  0.9432,  MR^  52.24;  calc.  52.45. 

Found  %:  C  71.77.  71.78;  H  11.10,  10.94.  CUH20O2.  Calculated  %;  C  71.69;  H  10.94. 

Furfurylidene  derivative:  A  mixture  of  212  mg  of  the  tetrahydropyrone  (XI),  221  mg  of  furfural,  0.1  ml 
of  20%  potassium  hydroxide  solution,  and  1  ml  of  alcohol  was  left  overnight  and  then  poured  into  20  ml  of  water. 
An  oil  separated  and  was  extracted  with  benzene;  the  extract  was  dried  with  potassium  carbonate  and  chromato¬ 
graphed  on  alumina.  The  lower,  yellow  ring  was  eluted  with  anhydrous  benzene,  the  benzene  was  distilled  in 
vacuo,  and  the  residue  evaporated  at  100“  (5  mm);  a  light- yellow,  viscous  oil  with  n^D  1-5582. 

Found  %:  C  73.31.  73.37;  H  8.55.  8. 72.  CigH2203-  Calculated  %;  C  73.25;  H  8.45. 

2.5-  Dimethyl- 3- inethylenefuranidine  oxide  (Xni).  To  a  vigorously  stirred  suspension  of  1  g  of  freshly 
calcined  and  finely  pulverized  potassium  carbonate  in  a  solution  of  22.9  g  of  furanidone  (XII)  (b.p.  57.5-59*  at 
30  mm,  n^D  1.4239  [20])  in  45  ml  of  anhydrous  methanol  at  15-20*  was  added  26  g  of  N-nitroso-N-methylur  - 
ethylane  dropwise  over  a  period  of  6  hr.  Working- up  in  the  usual  manner  gave  two  fractions,  a)  A  fraction  of 
4.9  g  (21.5%)  of  unchanged  furanidone  (XII)  with  b.p.  53-58*  (25  mm),  n^*!)  1.4243;  b)  a  1.0  g  fraction  with, 
b.p.  57-60*  (20  mm),  n^^'^D  1.4292.  The  latter  was  impure  oxide  (XIII),  a  mixture  of  which  with  2.3  ml  of 
piperidine  was  boiled  for  3.5  hr.  Fractionation  in  vacuo  gave  0.89  g  of  3-hydroxy- 2,5- dimethyl- 3- (N-piperi- 
dino)methylfuranidine  (XIV);  a  colorless  oil.  quickly  turning  yellow  on  standing,  b.p.  10.1.-103*  (2  mm), 
n^®'^  1.4811. 

Found  %:  C  67.82.  68.09;  H  10.76.  10.87;  N  6.60,  6.47.  C12H23O2N.  Calculated  %:  C  67.56;  H  10.87; 

N  6.57. 

We  convey  sincere  thanks  to  Yu.  K.  Yur'ev  for  his  continued  interest  in  our  work. 

SUMMARY 

1.  Experiments  with  2,2,5,5-tetramethyl- 3- furanidone  and  2, 5-dimethyl-2, 5-diethyl- 3-furanidone  showed 
that  interaction  of  diazomethane  with  five-membered  heterocyclic  ketones  leads  to  formation  of  six-membered 
heterocyclic  ketones,  predominantly  of  the  2,2,6.6-tetraalkyltetrahydro-3-pyrone  series. 

2.  The  best  results  were  obtained  by  using  N-nitroso-N-methylurethane  and  N-nitroso-N-methylurethyl- 
ane  as  the  source  of  diazomethane.  The  reaction  with  2,2,5.5-tetramethyl- 3- furanidone  can  serve  as  a  prepara¬ 
tive  route  to  2,2,6,6-tettamethyltetrahydro-3-pyrone;  secondary  reaction  products  are  tetraalkyloxacyclohepta- 
nones. 
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The  reaction  of  diazomethane  with  a-dicarbonyl  compounds  has  been  studied  very  much  less  thoroughly 
than  the  reaction  with  monocarbonyl  compounds.  In  some  cases  (even  the  simplest)  the  structure  of  the  resulting 
compounds  has  not  been  strictly  proven,  and  the  reactions  themselves  are  not  generally  of  preparative  interest, 

a- Dicarbonyl  compounds,  susceptible  to  enolization.  either  do  not  react  with  diazomethane  [1]  or  form 
methyl  ethers  of  the  enolic  form  [1-3].  Non-enolizing  a-diketones,  for  example  aromatic  a-diketones  [1,4], 
vicinal  trikctoncs  [1,  5-7],  and  o-quinones  [1,  4,  8-14],  as  well  as  certain  other  a-diketones  [5,  15],  react  with 
diazomeihane  with  formation  of  methylencdioxy  compounds  or  a- oxides. 

There  are  some  examples,  however,  of  reaction  of  cyclic  a-dicarbonyl  compounds  with  diazomethane 
with  ring  expansion  It  has  thus  been  shown  [16-18]  that  isatin  (and  substituted  isatins)  react  with  diazomethane 
to  fomi  a  mixture  of  a- oxide  and  2.3-dihydroxyquiiioline  (methylation  of  the  latter  gives  in  addition  2-hydroxy- 
3-methoxyquinoline).  In  addition  to  the  usual  reaction  course,  the  methylene  group  of  diazomethane  is  thus  in¬ 
serted  between  the  carbonyl  ^roup  and  the  benzene  ring.  Reaction  of  diazomethane  with  croconic  acid  gave  [19] 
trimethoxy-p-benzoquinone,  i.c,,  the  methylene  group  of  diazomethane  is  inserted  between  two  carbonyl  groups 
of  the  vicinal  triketone  (and  methylation  is  subsequently  effected  by  the  excess  of  diazomethane). 

After  the  present  publication  had  gone  to  press,  Eistert  and  Miller  [20]  reported  a  similar  reaction  of  an¬ 
other  vicinal  triketone ~  triketohydrindan- with  diazomethane. 

We  may  point  out  that  Rupe  and  co-workers  [21,  22]  had  earlier  shown  that  camphorquinone  also  reacts 
with  diazomethane  with  ring  expansion,  and  methylation  of  the  enolic  forms  of  the  resulting  2,4-homocamphor- 
dione  gives  a  mixture  of  the  two  isomeric  methyl  ethers  of  the  latter. 

We  established  [23]  that  reaction  of  2,2,5,5-tctraalkylfuranidine-3.4-diones  with  an  ethereal  solution  of 
diazomethane  in  presence  of  methanol  goes  with  expansion  of  the  ring  between  the  two  carbonyl  groups.  Under 
the  reaction  conditions  the  resulting  2,2,6,6-tetraalkyltetrahydropyTan-3,5-diones  are  cnolized  and  then  methyl¬ 
ated  by  the  excess  of  diazomethane  so  that  the  products  of  the  reaction  are  methyl  ethers  of  2,2,6,6-teiraalkyl- 
dihydro-  3-  pyrone-  5-  ols. 

O  0 

I\l  1/^"  +  2CH2N2 

In  the  present  work  we  showed,  on  the  basis  of  experiments  with  a  considerable  number  of  furanidine-3,4 
diones,  that  this  reaction  is  a  general  one  and  proceeds  with  a  yield  of  40-50‘7a 


0  OCH3 

-*  "'J  1/''" 

r'/^O^Nr'" 


3975 


Methyl  ethers  of  2,2,6,6  tetraalkyldihydro-5-pyrone-5-ols  are  easily  hydrolyzed  by  hydrochloric  acid  to 
give  2,2,G.6 -tctraalkyltetrahydropyran-3,5-diones,  and  they  can  be  regenerated  in  nearly  quantitative  yield  by 
methylation  of  the  hydrolyzate  with  diazomethane. 


O  OCIIa 

Ik  I  '/H" 

v|  / 

()  '^ir" 


HOH 


0  () 


■\1 


I/"" 


M'/  0^  R' 


Yields  of  2,2,6,6-tetraalkyltetrahydropyran-3,5-diones  (calculated  on  the  original  a-diketone)  can  some¬ 
times  be  considerably  increased  by  subjection  to  hydrolysis  of  the  crude  product  obtained  by  the  action  of  diazo¬ 
methane  on  furanidine-3,4-diones. 


Like  other  cyclic  0 -diketones,  2.2.6,6-tetraalkyltetrahydropyran-3,5-diones  do  not  form  copper  salts  and 
do  not  give  a  coloration  with  ferric  chloride  in  absolute  methanol;  however,  they  dissolve  in  alkalies  or  form  in¬ 
soluble  sodium  salts,  while  in  aqueous  methanolic  solution  they  give  a  faint  yellow  color  with  ferric  chloride. 

The  ultraviolet  absorption  spectra  of  methanolic  solutions  of  2,2,6,6-tetraalkyltetrahydropyran-3,5-diones 
and  of  the  methyl  ethers  of  their  enolic  forms  contain  a  strong  maximum  in  the  250  mp  region  due  to  the  pres¬ 
ence  of  the  conjugated  system  -C-CH  =  C-CXTHsfH).  The  close  similarity  between  the  absorption  spectra  of 

II 
O 

2,2,f),6-tetramethyltetrahydropyran-3,5-dione  and  the  methyl  ether  of  its  enolic  form  indicates  that  2, 2,6,6- 
tctraalkyltctrahydropyran-3,5-diones  are  strongly  enolized  in  methanolic  solutions  and  that  an  intramolecular 
hydrogen  bond  is  absent.  We  may  therefore  conclude  that  2,2,6.6-tetraalkyltetrahydropyTan-3,5-diones  possess 
the  trails- cnol  structure  characteristic  of  cyclic  0  -diketones.  The  ultraviolet  absorption  spectra  of  2, 2,6,6- 
tctramcthyltctrahydropyran-3,5-dioncs  in  0.01  N  methanolic  sodium  hydroxide  solution  exhibit  a  maximum  in 
the  280  mp  region;  this  shift  in  the  position  of  the  maximum  is  characteristic  of  the  transition  from  the  undis- 
sociated  enolic  form  to  the  enolate  anion;  also  the  similarity  between  the  absorption  coefficients  in  neutral  and 
alkaline  methanol  (log  e  4.60  and  4.61,  respectively)  indicates  that  enolization  is  nearly  100*70  in  neutral  meth¬ 
anol.  • 


We  confirmed  the  structure  of  2,2,6,6-tctraalkyltetrahydropyran-3,5-diones  and  of  the  methyl  ethers  of 
their  enolic  fomis  by  means  of  data  for  the  tetramethyl  compound.  The  preparation  of  the  dioxime  and  semi- 
benzylidene  derivative,  azo- coupling  with  p-nitrophenyldiazonium  chloride,  and  methylation  with  diazometh¬ 
ane.  as  well  as  the  spectral  data,  conclusively  point  to  the  presence  of  a  0- dicarbonyl  grouping  in  the  ring. 


llaC^I 


0  0 


lljNOH 


Xll;. 


C.,H,r,HO 


UnC  CH3  0  O  IlgC  CHj 


NNI1CoH4N0.2-P 

O  II  o 


OCII:, 

X/X/ 

IlaCv^l  ^Clls 


The  character  of  the  ring  was  established  by  reduction  of  the  methyl  ether  of  the  enolic  form  of  2, 2,6,6- 
tetramethyltetrahydropyran-3,5-dione  by  lithium  aluminum  hydride  to  2,2,6,6-tetramethyldihydro-3-pyrone. 


•Determination  of  the  enol  content  by  Meyer's  method  [24]  gave  a  value  for  2.2,6,6-tetramethyltetrahydropyran- 
3,5-dione  that  was  very  much  too  high  (182%  of  enol).  This  is  typical  of  1,3-cyclanediones  [25]. 


3976 


Hydrogenation  of  this  unsaturated  ketone  in  presence  of  platinum  gave  2,2,6,6-ietramethyltetrahydro-3-pyrone. 
identical  v/iih  the  compound  that  we  prepared  earlier  [26]. 

0  OCH3  0  0 

/\V 

nn(\|  I/CII3  HgC^I  I^CIIa  — HaC^I 

In  all  cases,  excepting  2.2,5,5-tetraniethylfuranidinc-3,4-dione,  good  yields  of  methyl  ethers  of  enolic 
forms  of  2,2,6,6-tetra3lkyltetrahydropyTan-3.5-diones  are  obtained  only  if  lO^oof  methanol  (calculated  on  the 
volume  of  reaction  mixture)  is  added.  In  the  absence  of  methanol  the  yield  of  methyl  ethers  is  significant  (for 
example  2,5-dimethyl- 2,5- dicthylfuranidine- 3,4- dione  gave  only  11*70  01  methyl  ether  of  the  corresponding 
enol  of  tetrahydropyran-3,5-dione). 

The  catalytic  effect  of  hydroxyl- containing  compounds  in  the  reaction  of  a- dicarbonyl  compounds  with 
diazomethane  has  already  been  reported  [1,  8].  Expansion  of  camphorquinone,  moreover,  by  diazomethane  was 
also  effected  in  presence  of  methanol  [21];  it  has  also  been  shown  that  alloxan  reacts  with  diazomethane  only 
in  its  hydrate  form  [1].  No  data  exist,  however,  for  the  role  of  hydroxyl- containing  compounds  in  the  ring  ex¬ 
pansion  of  a-diketones  by  diazomethane. 

We  suggest  that  since  2,2,5,5-tetraalkylfuranidine-3,4-diones  in  methanolic  solutions  exist  in  the  hemi- 
ketal  form  [27],  only  this  form  of  furanidine-3,4-diones  is  capable  of  reacting  with  diazomethane  with  ring  ex¬ 
pansion. 

0  0  0  OH 

f  '^r^0CH3 

N  l/Il"  -f  CIlaOH  —  R^l 

The  high  yield  of  methyl  ether  of  the  enol  form  of  2,2,6,6-tetramethyltetrahydropyran-3,5-dione  even  in 
the  absence  of  methanol  is  due  to  the  extreme  hygroscopicity  of  the  starting  substance  [28]  so  that  it  always  con¬ 
tains  a  small  quantity  of  the  hydrated  form  whose  structure  is  similar  to  that  of  the  hemiketal  form.  During  its 
reaction  with  diazorr  ethane,  water  is  released  and  this  is  apparently  sufficient  to  enable  the  whole  of  the  dike¬ 
tone  to  react  in  the  hydrate  form.  Addition  of  methanol  is  therefore  not  obligatory  for  preparation  of  the  meth¬ 
yl  ether  of  the  enol  form  of  2,2,6,6-tetramcthyltetrahydropyran-3,5-clione,  but  is  desirabl-j  since  it  facilitates 
the  isolation  of  the  end  product.  ‘ 

In  this  connection  we  may  note  the  extremely  interesting  fact  that  ring  expansion  of  triketohexahydroindan 
by  diazomethane  goes  satisfactorily  only  in  the  tot.al  absence  of  water  and  alcohol  [20];  in  theii  presence  the  tri¬ 
ketone  reacts  with  diazomethane  in  its  hydrate  form  to  form  other  reaction  products,  apparently  with  an  un¬ 
changed  number  of  links  in  the  ring. 


EXPERIMENTAL 

Sublimation  was  effected  in  vacuo  (2-3  mm).  2,2,5,5-Tctraalkylfuranidine-3,4-diones  were  prepared  by 
oxidation  of  the  corresponding  2,2,5,5-tetraalkyl-3- furanidones  [28-30].  An  ethereal  solution  of  diazometfiane 
was  prepared  by  decomposition  of  N-nitroso-N-methylurea  [31];  titration  with  benzoic  acid  showed  that  100  ml 
of  solution  contained  ~  2.4  g  of  diazomethane. 

Methyl  ethers  of  2,2,6.6-tetraalkyldihydro-3-pytone- 5-ols.  To  300  ml  of  ethereal  solution  of  diazometh¬ 
ane  at  0*  was  added  30  ml  of  absolute  methanol,  followed  after  10-15  min  (with  stirring)  by  a  solution  of 
0.05  mole  of  2,2,5,5-tetraalkylfuranidine-3.4-dione  in  50  ml  of  absolute  ether  and  10  ml  of  absolute  methanol. 
The  mixture  was  then  heated  to  18-20*  and  allowed  to  stand  overnight.  The  solvent  was  taken  off  in  vacuo  at 
room  temperature,  the  yellow  semisolid  residue  or  oil  (crude  methyl  ether)  dissolved  in  ligroine,  and  the  pre¬ 
cipitate  collected  after  cooling  to— 70*.  The  ethers  are  colorless,  crystalline  substances,  volatile  in  vacuo, 
readily  soluble  in  organic  solvents  (Table  1). 
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TABLE  1 

Constants  and  Yields  of  Methyl  Ethers  of  2,2,6,6-Tetraalkyldihydro-3-pyrone-5-ols 


Methyl  ethers  of  2,2,6,6-tetraalkyl- 
diltydro-3-pyrone*5-ois 

Yield  {%) 

Sublimation 

temperature 

Melting  point 
after  sublima¬ 
tion 

2, 2, 6, 6-  Tetramethyl 

46 

fi5— 70° 

74-75°  • 

2, 6- Dimethyl- 2. 6- diethyl 

41 

70—80 

69.8—71.3 

2,2.6,6-Bistetramethylene- 

100 

46—47 

2,2,6,6-Bispentamethylene-  j 

1  51  ..5 

120-125 

124.5—126 

•Repeated  crystallizations  and  fractional  sublimation  are  necessary  due  to  the  ease  of  hydrolysis; 
••  =  O  1614-1630  cm’^ 

•  •  •Low  yield  owing  to  the  difficulty  of  separation  from  the  reaction  mixture  resulting 
TABLE  2 

Conditions  of  Preparation,  Constants,  and  Yields  of  2.2,6.6-Tetraalkyltetrahydropyran-3,5* 


2,2,6,6-Tetraalkyltetrahydro- 
pyran-3,5-diones  and  their 
dioxinies 

Period  of 
hydrolysis 
(hr) 

Yield  (%) 

Solvent 
for  crys¬ 
talliza¬ 
tion  * 

Sublimation 

temperature 

of  pure  ether 

of 

crude 

ether 

caic. 
on  the 
ether 

calc,  on  the 
a- diketone 

2, 2, 6, 6-  Tetramethyl* 

1 

92.5 

42.5 

66  •• 

A 

1(X)° 

Dioxime 

_ 

— 

_ 

_ 

—— 

2, 6-Dim  ethyl- 2,6- diethyl- 

1.5 

1)0 

37 

44 

B 

140-145 

Dioxime 

— 

— 

— 

— 

— 

— 

2,2- Dimethyl- 6,6- tctramethylene- 

2 

— 

— 

40 

B 

108 

Dioxime 

— 

— 

— 

— 

— 

— 

2,2,6.6-Bistetramethylene- 

1 

96.5 

18 

38 

A 

120—125 

Dioxime 

— 

— 

— 

— 

— 

— 

2,2-  Dimethyl-  6,6-  pentamethylene- 

2 

— 

— 

41 

A 

120—130 

Dioxime 

— 

— 

— 

— 

— 

— 

2, 2 , 6 , 6  -  Bispentamethylene  - 

7  ♦  ♦  •  • 

96 

49.5 

55 

C 

— 

Dioxime 

•Solvents:  A)  mixture  of  ligroine  and  benzene;  B)  isooctane;  C)  cyclohexane. 

•  •Yield  referred  to  diketone  with  m  p.  151-153.5*. 

•  •  •  >^ma>P”  252  mp .  log  e  4.60;  1/^=0 

•  •  •  •On  hydrolysis  for  2  hr  with  a  3  :  2  mixture  of  12%  hydrochloric  acid  and  dioxane,  yield  98%. 
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CH30H 
'^max 
(in  m/j) 

log  e 

Found  °!o 

Empirical 
•  formula 

Calculated  % 

c  1 

H 

c 

H 

248** 

4.326 

65.26.  65.20 

1  S.79,  8.93 

CioHicOa 

6.5.19 

s;75 

250 

4.146 

H7.67.  67.73 

9.50,  9..55 

C]2Hoo03 

67.81 

9.50 

251.  298 

4.61.  2.18 

71.15.  71.20 

1  8.65,  8.51 

C14H00O3 

71.16 

8.53 

252 

4.602 

72.48,  72.61 

I  9.24,  9.26 

j  CioH240.3 

72.69 

9.15 

otherwise  traces  of  the  corresponding  diketone  are  present. 


from  the  low  melting  point. 


diones  by  Hydrolysis  of  the  Methyl  Ethers  of  Their  Enols 


Melting 
point  after 
sublimation 

\  of 

max 
0.01  N 
NaOHin 
CH3QH 
mp 

1  Found  % 

Calculated  % 

log  6  1 

1 

1 

1 

.1 

c  i 

i 

_ 1 

H 

1 

N 

Empirical 

formula 

c 

H 

N 

158-1.58.5° 

27, s  ♦♦♦ 

4.61 

63.31, 
63.51 ; 
CO: 
32.74. 
.32.92 

. 

xx 

c, 11,403 

6.3.51, 

CO: 

32.91 

1 

8.29 

- 

160-161 

(decomp.) 

— 

— 

.54.02. 

54.14 

8.(M), 

8.19 

14.0.8, 

13.86 

■ 

53.98 

8.06 

13.99 

150.8-151.3 

277 

4.69 

66.. 52, 

66.. 39 

9.09, 

8.99 

66.64 

9.15 

— 

117..5-118 

— 

— 

12.19, 

12.23 

C,,I1.,„0:,N, 

— 

— 

12.27 

152.5-15.3.5 

280 

4.89 

67.4 1 . 
67.. 57 

8.34. 

8.33 

— 

O'l  1  11  HiO;< 

67.32 

8.22 

— 

143-143.5 

— 

— 

.58.46, 
.58.. 59 

7.99. 

8. 1 5 

12..52. 

12.33 

C,,II„03No 

58.39 

8.02 

12.38 

160-170 

2S2 

4.48 

70.32. 

70.17 

8.17, 

8.23 

— 

l'i;lll  IfeO:, 

70.24 

8.16 

— 

200 

(decomp.) 

161.5-1(12 

— 

— 

— 

10.8.5. 

10.86 

C,;,1I.,oO.,N., 

— 

— 

11.10 

275 

5.00 

68.85, 

68.90 

8.79. 

8.69 

— 

Clollj^jO:, 

I 

68.54 

8.63 

— 

153- 15',. 5 

— 

— 

.59.94, 

59.71 

8.49, 

8.54 

11.2.5. 

11  34 

(:,.,.ll.,oO;,N._, 

59.98 

8.39 

11.66 

193 

280 

4.60 

72.09, 

72.07 

8.87, 

8.93 

— 

i  C,.5ll.,.,0;: 

1 

71.97 

8.86 

— 

217 

(decomp.) 

i 

i 

1 

64.08 

8.7 1 

10.02, 

9.96 

i 

C|5ll.240;,N.> 

i 

64.26 

I 

8.63 

9.99 

i 

! 

1 
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of  p-nitrophenyldiazonium  chloride  (from  280  mg  of  p-nitroaniline  in  9.5  ml  of  0.7  N  hydrochloric  acid)  was 
added  with  stirring  to  a  solution  of  340  mg  of  2.2,6,6-tetramethyltetrahydropyran-3,5-dione  in  5  ml  of  1.15  N 
sodium  hydroxide.  After  15  min,  the  precipitate  was  separated  and  washed  with  dilute  hydrochloric  acid.  Yield 
580  mg  (90.57o)  with  m  p.  181-182“  (from  aqueous  alcohol);  bright-yellow  needles. 

Found  *70;  C  56.56,  56.51;  H  5.59,  5.61;  N  13.27,  13.43.  C15H17O5N3.  Calculated  %:  C  56.42;  H  5.37; 

N  13.16. 

2,2.6,6- Tetramethyldihydro- 3- pyrone.  To  a  solution  of  lithium  aluminum  hydride  (from  0.96  g  of 
lithium  hydride  and  8.0  g  of  aluminum  bromide  in  150  ml  of  absolute  ether)  was  added  a  solution  of  5.52  g  of 
the  methyl  ether  of  2,2,6,6-tetramethyldihydro-3-pyrone-5-ol  in  50  ml  of  absolute  ether.  The  stirred  mixture 
was  boiled  for  1.5  hr.  After  12  hr  stirring  and  cooling  to  0*,  20  ml  of  water  was  added,  the  mixture  was  cooled 
to  ~6*,  and  in  the  course  of  1.5  hr  20  ml  of  concentrated  sulfuric  acid  was  added.  The  mixture  was  then  held 
for  1.5  hr  at  -5*  and  for  1  hr  at  8-12".  The  precipitate  was  separated  and  washed  with  ether;  the  ethereal  layer 
was  collected  and  the  aqueous  layer  extracted  with  ether.  The  combined  ethereal  extracts  were  washed  with 

•Acid  of  10% concentration  was  used  with  the  methyl  ether  of  2,2,6,6-tetramethyldihydro-3-pyrone-5-ol. 
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saturated  sodium  carbonate  solution,  then  with  water,  and  dried  with  magnesium  sulfate.  After  distillation  ot  the 
ether,  the  residue  was  fractionated  in  vacuo  to  give  3. 89  g  (84^70)  of  yellowish  oil  with  a  camphor- like  odor. 

Bm.  79-80*  (19  mm).  74-75*  (17  mm),  n^®D  1.4600,  d^4  0.9731,  NIRp  42. 41.  C19H14O2F.  Calculated 42.75; 
^^ax  mp.  log  e  1.794,  1/^=0  1672-1694  cm*^ 

Found  C  70.16.  70.06;  H  9.38,  9.28,  C<,Hi402.  Calculated  C  70.10;  H  9.15. 

Semicarbazone:  m.p.  178.3-179.3*  (from  very  dilute  alcohol),  272  mji,  log  e  4.37. 

Found  %;  N  20.22.  20.10.  CioHn02N3.  Calculated  ‘7o;  N  19.89. 

The  dibromide  was  prepared  by  addition  of  a  solution  of  320  mg  of  bromine  in  10  ml  of  anhydrous  chloro¬ 
form  to  308  mg  of  the  unsaturated  ketone  and  distillation  of  the  solvent  in  vacuo  (yield  600  mg).  The  compound 
was  unstable  and  loses  hydrogen  bromide  during  recrystallization,  giving  A‘*-4  (or  5)-bromo-2.2,6.6-tetrarnethvl- 
dihydro-3-pyronc;  mp.  97.3-98“  (from  ligroine  at  -70*  and  after  sublimation  at  70-80“),  252,  332- 

340  mp,  log  e  3.851,  1  770;  colorless  needles. 

Found  <70;  C  46.51.  46.54;  H  5.91,  5.86.  C9Hi302Br.  Calculated  C  46.37;  H  5.62. 

2,2,6,6-Tetramethyltetrahydro-3-pyrone.  A  solution  of  1.54  g  of  A^-2,2,6,6-tetramethyldihydro-3-pyrone 
in  50  ml  of  alcohol  was  hydrogenated  (with  shaking)  in  presence  of  reduced  platinum  dioxide.  After  2  hr  the  hy¬ 
drogen  absorption  was  235  ml  (NTP)  (calculated  224  ml).  Distillation  gave  1.25  g  (BO'I/o)  of  colorless  liquid  with 
a  camphor-like  odor;  b.p.  75- 77* (20 mm),  n^°D  1.4410;  literature  data  [26]:  b.p.  62-63*  (9  mm),  n^®D  1.4413. 

Semicarbazone;  m.p.  196-198*  (from  very  dilute  alcohol);  no  depression  of  melting  point  in  admixture  with 
an  authentic  specimen  [26]. 

We  extend  out  heartfelt  thanks  to  Yu.  K.  Yur'ev  for  his  unremitting  interest  in  our  work. 

SUMMARY 

1.  Diazomethane  acts  on  2.2,5,5-tetraalkylfuranidine-3,4-diones  with  ring  expansion  and  formation  of 
methyl  ethers  of  the  eiiolic  forms  of  2,2,6,6-tetraalkyltetrahydropyran-3,5-diones. 

2.  The  synthesis  of  methyl  ethers  of  the  enolic  forms  of  2,2,6,6-tetraalkyltetrahydropyran-3,5-diones  and 
their  subsequent  hydrolysis  can  serve  as  a  preparative  route  to  2,2,6,6-tetraalkyltetrahydropyran-3,5-diones. 
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SYNTHESIS  OF  2 , 5  -  SU  B  S  T  IT  U  T  ED  1 , 3 , 4  -  T  H I A  D  lA  Z  OL  ES 


N.  N.  Vereshchagina  and  I.  Ya.  Postovskii 
Ural  Polytechnic  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  12,  pp.  4024-4026, 

December,  1960 

Original  article  submitted  January  25.  1960 

During  an  investigation  of  the  physiological  activity  of  thiazoles  we  required  some  2,5-substituted  1,3,4- 
thiadiazoles  for  testing.  Only  a  few  of  these  are  described  in  the  literature,  evidently  due  to  the  difficulty  of 
preparing  them.  The  synthesis  is  based  essentially  on  heating  of  N.N’"  diacylhydrazines  with  P2S5  at  200*  in 
vacuo  [1]. 

We  developed  a  more  convenient  method  of  preparation  of  2.5-substituted  thiadiazoles  which  makes  these 
compounds  (with  identical  or  different  radicals  in  the  2  and  5  positions)  very  easily  accessible. 

The  method  consists  in  reaction  of  thiohydrazides  with  acid  chlorides  in  pyridine  solution  in  accordance 
with  the  equation 

RCNHN1I2  + n'coci  — >  rncNiiNucoiri 

I  L I  I  \s/ 

Intermediate  products  in  this  reaction  are  evidently  acyl  derivatives  of  thiohydrazides  which  do  not  come 
dovm  under  the  reaction  conditions  and  quickly  cyclize  to  thiadiazole.  Several  2,5- substituted  1,3,4- thiadiazoles 
described  in  the  literature  were  prepared  by  this  method,  as  well  as  new  representatives  of  the  class  containing 
aliphatic,  aromatic,  and  heterocyclic  radicals. 

By  replacing  chlorides  of  monobasic  acids  by  anhydrides  or  chlorides  of  dibasic  acids,  it  is  possible  to  ob¬ 
tain  thiadiazoles  with  a  carboxyl  group  in  the  side  chain,  and  also  bisthiadiazoles. 

The  products  are  colorless  or  faint  yellow  substances,  crystaUizing  with  facility  from  alcohol  Nearly  all 
the  thiadiazoles  fluoresce  strongly  in  the  near  ultraviolet,  both  in  the  crystalline  state  (see  table)  and  in  solution. 
Compounds  containing  naphthyl  and  pyridine  residues  have  a  yellow  fluorescence  in  an  acid  medium,  and  a 
bright-blue  color  at  pH  9-10.  Compounds  containing  nitrophenyl  and  C17H35  groups  do  not  fluoresce. 

The  properties  of  the  prepared  thiadiazoles  are  set  forth  in  the  table. 

EXPERIMENTAL 

The  benzoic  acid  thiohydrazide  required  for  the  woik  was  prepared  by  Holmberg’s  method  and  had  m.p.  78- 
79*.  The  literature  [3]  gives  m.p.  81-82*.  The  thiohydrazide  of  a-naphthalcnecarboxylic  acid,  not  described  in 
the  literature,  was  prepared  by  a  similar  route. 

Thiohydrazide  of  a-naphthalenecarboxylic  acid.  a-Naphthylmagnesium  bromide,  prepared  from  2.5  g  of 
magnesium,  20  g  of  a-bromonaphthalene,  and  50  ml  of  absolute  ether,  was  gradually'addcd  to  a  cooled  solution 
of  6.6  ml  of  carbon  disulfide  in  30  ml  of  ether.  The  mixture  was  left  to  stand  for  10-12  hr.  Finely  crushed  ice 
was  then  carefully  added  (with  cooling).  The  solution  was  filtered  and  the  lower  aqueous  layer  collected.  Into 
the  aqueous  solution  of  the  dithio  acid  was  run  a  solution  of  12.5  g  of  monochloroacetic  acid  and  17  g  of  sodium 
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2,5-Substituted  1,3,4- Thiadiazoles 

.N-Nv 

/-R 


Empirical 

■u  1 

Melting 

Fluorescence  of 

1 

"/.N 

u 

H’ 

formula 

point 

crystals 

found 

calc. 

>- 

1  1 

1 

Cellr. 

1 

cn.i 

ColIgNoS 

62 

109—110® 
107  (2) 
78-79 

Bright  yellow 

— 

— 

Cells 

Cnlln.'i 

C2.,H,oN.,S 

1 

40 

Does  not 

7.07 

7.0O^ 

fluoresce 

Colls 

Coll-s 

(.I4H10N2S 

i 

74 

141  —  142, 

141  —  142(1] 

Intense  violet 

— 

— 

Colls 

r,ii==cHr,„U6 

c,6Hi2N.,s 

90 

136— 1. IS, 

Intense  blue- 

— 

— 

137(2] 

violet 

Cell.s 

1 

1 

CioIIhONjS 

87 

108-109 

Intense  violet 

12.41 

12.20 

Collr,  j 

-\ 

CiglloNaS 

62 

181-183 

Violet 

17.08 

17..50  •• 

a-CjoH; 

CoMT 

CiglliaNsS 

.50 

112-113 

Intense  blue- 

9.50 

9.72*  •• 

1 

violet 

a-CjolI? 

c,bH,,o.,N;,s 

71 

209--21 1 

Does  not 

12.39 

12.61 

fluoresce 

“■Cioll? 

Cll^CUCells 

C20II.4N.S 

«7 

97-  98 

Bright  blue 

8.87 

8.97 

a-Cioll? 

— N 

C,;II„N3S 

9.3 

139-150 

1  Bright  blue 

1 

14.29 

14.51 

•Found  S  8.13,  7.95.  Calculated  S  8.00. 

••Found  %:  S  13.34,  13.58.  Calculated  %:  S  13.38. 

•  •  •Found  S  11.02,  10.84.  Calculated  S  11.11. 

carbonate  in  45  ml  of  water.  The  mixture  was  allowed  to  stand  for  10-12  hr,  and  carefully  acidified  with  a  solu¬ 
tion  of  8  ml  of  cone.  H2SO4  in  25  ml  of  water.  Thionaphthoylthioglycolic  acid  separated  as  a  red  oil.  It  was 
separated  from  the  aqueous  layer  and  (without  purification)  dissolved  in  30  ml  of  1  N  alkali;  the  solution  was  fil¬ 
tered  and  5  ml  of  hydrazine  hydrate  added.  The  mixture  was  heated  on  a  water  bath.  The  thiohydrazide  came 
out  as  an  oil.  After  cooling,  acetic  acid  was  added  until  separation  was  complete.  The  cooled  solution  was  de¬ 
canted  from  the  oil,  the  oil  was  dissolved  in  alcohol,  and  the  solution  filtered  in  presence  of  carbon  and  evapo¬ 
rated  to  dryness.  The  residue  was  crystallized  from  benzene  or  from  a  large  volume  of  water.  Yield  2.8  g, 
m.p.  96-98*. 

Found  °}oi  N  13.94.  CuHjoNjS.  Calculated  N  13.86. 

2,5- Substituted  1,3,4- thiadiazoles.  Excess  of  acid  chloride  was  added  gradually  to  anhydrous  pyridine.  The 
thiohydrazide  of  the  acid  was  then  added  with  cooling.  The  mixture  was  boiled  for  30  min.  After  cooling,  the 
mass  was  poured  into  water,  and  the  precipitate  was  filtered  and  washed  with  water.  If  necessary,  the  mixture 
was  left  to  stand  for  a  few  hours  for  separation  of  the  precipitate.  The  dry  thiadiazole  was  crystallized  from  di¬ 
lute  alcohol.  Under  the  microscope  the  prepared  thiadiazoles  have  the  form  of  lustrous  plates  or  prisms. 

SUMMARY 

A  convenient  method  is  proposed  for  preparation  of  2,5- substituted  1,3,4-thiadiazoles,  consisting  in  reac¬ 
tion  of  thiohydrazides  with  acid  chlorides. 

This  method  was  employed  for  preparation  of  ten  thiadiazoles,  seven  of  which  have  not  been  described  in 
the  literature. 
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In  the  preceding  publications  we  described  some  aryltctrafluorophosphoranes,  arylphosphonic  difluorides, 
and  arylihiophosphinic  acids,  their  properties,  and  their  transformations  [1,  2]. 

Continuing  our  studies  in  this  field,  we  decided  to  synthesize  a  phenyltetrafluorophosphorane  substituted  by 
the  electronegative  trifluorom ethyl  group  and  to  establish  whether  this  compound  was  more  resistant  to  hydrolysis. 
With  tliis  objective  we  prepared  p-tolyldichlorophosphine,  chlorinated  the  latter  in  the  cold  to  p-tolyltetrachloro- 
phosphorane,  a.id  effected  further  chlorination  in  the  methyl  group  by  heating  in  presence  of  azodiisobutyronitrile. 
However,  the  chlorination  did  not  go  smoothly.  Heating  at  above  140“  led  to  cleavage  of  the  compound  with 
formation  of  phosphorus  pentachloride,  p-chlorobenzoirichloride,  and  a  small  quantity  of  p-chlorobenzylidene 
chloride.  At  a  temperature  below  130*  the  chlorination  could  not  easily  be  completed.  After  a  number  of  experi¬ 
ments  we  were  able  to  establish  the  conditions  for  preparation  of  a  substance  whose  chlorine  content  indicated  the 
structure  of  p-trichloromethylphcnylteirachlorophosphorane.  This  compound  was  extremely  hygroscopic  and  not 
easily  amenable  to  purification  It  was  therefore  converted  by  treatment  with  sulfur  dioxide  into  p-trichlorometh- 
ylphenylphosphonic  dichloride  which  was  purified  by  distillation  in  vacuo.  Its  dianilide  was  prepared. 

Fluorination  of  technical  p-trichloromethylphenyltetrachlorophosphorane  and  of  p-trichloromethylphenyl- 
phosphonic  dichloride  with  antimony  trifluoride  or  zinc  fluoride  was  accompanied  by  a  violent  reaction,  and  a 
difficultly  separable  mixture  of  substances  was  obtained  that  fumed  in  the  air  and  had  a  serious  corrosive  action 
on  glass.  We  failed  to  isolate  individual  substances. 

Also  unsuccessful  was  an  attempt  to  chlorinate  benzyltetrachlorophosphorane  to  a,a-dichlorobenzyltetra- 
chlorophosphorane.  Benzyldichlorophosphine  was  chlorinated  in  presence  of  azodiisobutyronitrile  in  the  course 
of  an  hour  at  85-90*,  and  also  in  carbon  tetrachloride  solution  with  boiling  for  two  days,  or  with  phosphorus  penta¬ 
chloride  at  60-85*.  After  passage  of  a  stream  of  sulfur  dioxide,  the  reaction  products  were  fractionated.  Mixtures 
of  benzyl  chloride,  benzylidene  chloride  and,  apparently,  benzyl-  and  a-chlorobenzylphosphonic  dichlorides  were 
obtained  in  all  cases.  In  special  experiments  it  was  established  that  benzyltetrachlorophosphorane  starts  to  de¬ 
compose  at  the  low  temperature  of  80*  with  formation  of  benzyl  chloride  and  phosphorus  trichloride.  a-Chloro 
derivatives  of  benzyltetrachlorophosphorane  apparently  decompose  with  even  greater  facility. 

After  unsuccessful  attempts  to  chlorinate  and  fluorirute  p-tolyldichlorophosphine,  we  decided  to  prepare 
p- trifluorom ethylphenyltetrafluorophosphorane  from  a  compound  already  containing  the  trifluoromethyl  group. 
The  selected  starting  substance  was  p-bromobenzotrifluoride  which  was  converted  with  phosphorus  trichloride, 
via  the  organomagnesium  and  then  the  organozinc  compound,  into  p-trifluoromethylphenyldichlorophosphine. 

The  latter  was  chlorinated  and  then  fluorinated  with  the  help  of  antimony  trifluoride  to  give  p-trifluoromethyl- 
phenyltetrafluorophosphorane. 

p-CFaCelUBr  p-CFaCelUZnBr  P-CF3C6H4PCIJ  ^ 

ShP 

— ►  p-CF3CeH4PCl4  — %  P-CF3C6H4PF4. 
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p-Trifluoromcthylphenyltctrafluorophosphorane  is  a  colorless  liquid,  fuming  in  the  air,  corrosive  to  glass, 
soluble  in  all  organic  solvents.  Reaction  with  aniline  without  exclusion  of  atmospheric  moisture  gives  the  anilide 
of  p-trifluoromethylphenylmonofluorophosphonic  acid. 

Treatment  of  p-trifluoromethylphenyltetrachlorophosphorane  with  sulfur  dioxide  leads  to  p-tiifluoromethyl- 
phenylphosphonic  dichloride,  hydrolysis  of  which  gives  the  phosphonic  acid,  while  treatment  with  aniline  gives 
the  dianilide  of  the  acid.  The  dichloride  is  converted  by  zinc  fluoride  into  p-trifluoromethylphenylphosphonic 
difluoride.  The  latter  reacts  with  Isopropyl  alcohol  in  presence  of  triethylamine  to  give  the  isopropyl  ester  of 
p-trifluoromethylphenylmonofluorophosphonic  acid.  p-Trifluoromethylphenyldichlorophosphine  reacts  with  sulfur 
In  presence  of  aluminum  chloride  to  give  p-trifluoromethylphenylthiophosphonic  dichloride. 

In  addition  to  carrying  out  the  foregoing  syntheses,  we  continued  our  study  of  the  chemical  properties  of 
phenyltetrafluorophosphoranc.  In  one  of  the  preceding  papers  [3]  it  was  shown  that  phenyltetrachlorophosphorane 
reacts  with  diazomethane  in  such  a  manner  that  two  methylene  groups  enter  the  molecule; 

f^6n.srCl4  4-2CIl2N2  —  Cellsl’CyCIIoCl)^. 

Phenyltctrafluorophosphorane  reacts  very  much  less  energetically  with  diazomethane.  After  hydrolysis  of 
the  reaction  product,  we  were  able  to  isolate  a  substance  whose  properties  and  analysis  corresponded  to  phenyl- 
w- fluoromethylphosphonic  acid,  a  solid, crystalline  substance  (A)  giving  an  acid  reaction  to  Congo.  Analysis  of 
the  ammonium  salt  of  this  acid  also  confirmed  its  composition. 


/O 

1*^011 

\CII2F 

(A) 


It  has  been  declared  in  the  literature  [4]  that  attempts  to  synthesize  fluorides  of  carboxylic  acids  directly 
from  the  acids  and  the  fluorides  or  oxyfluorides  of  nonmetals  are  doomed  to  failure  or  ine.xpedient.  Our  very 
first  experiments  demonstrated  the  incorrectness  of  this  assertion.  Reaction  of  phenyltctrafluorophosphorane  with 
propionic  acid  gives  propionyl  fluoride.  However,  the  corrosion  of  glass  by  the  hydrogen  fluoride  evolved  is  an 
obstacle  to  the  performance  of  this  reaction  in  a  glass  apparatus.  Corrosion  of  glass  does  not  occur  if  a  salt  of 
propionic  acid  (such  as  the  lithium  salt)  is  taken. 


EXPERIMENTAL 

p-Trichloromethylphenylphosphonic  dichloride.  Chlorination  of  23.7  g  of  p-tolyldichlorophosphine  was 
carried  out  for  21  hr  in  a  reaction  vessel  equipped  with  thermometer,  chlorine  inlet  tube,  and  calcium  chloride 
tube,  the  temperature  being  gradually  raised  from  80  to  130*.  Azodiisobutyaoniirile  was  used  as  a  catalyst  in 
some  runs.  Sulfur  dioxide  gas  was  then  passed  ihrougli  with  cooling.  After  vacuum  distillation  the  yield  of  dichlo¬ 
ride  was  28.6  g  (75*70). 

B.p.  129-131*  (0.05  mm),  n^D  1.5830,  d^jo  1.5907. 

Found  %;  P  9.97,  10.22.  C7H  4OPCI5.  Calculated  P  9.93. 

Dianilide  of  p-trichloromethylphcnylphosphonic  acid.  p-Trichloromcthylphcnylphosphonic  dichloride  was 
mixed  with  four  moles  of  aniline  in  benzene.  After  aniline  hydrochloride  had  been  washed  out  with  water,  the 
dianilide  was  recrystallized  from  methanol.  Needles  with  m  p.  194-195*. 

Found  Cl  24.53,  24.66;  N  6.70,  6.75.  CisHiGONjPCla.  Calculated  %:  Cl  25.04;  N  6.58. 

Benzyldichlorophosphine.  Prepared  from  benzyl  bromide,  via  benzylzinc  bromide,  and  phosphorus  trichlo¬ 
ride  [5]. 

p- Bromobenzotrifluoride .  Prepared  by  fluorination  of  p-bromobenzotribromide  [6]. 

p-Trifluoromethylphenyldichlorophosphine.  The  procedure  for  synthesis  was  similar  to  that  for  the  phenyl- 
dichlorophosphine  [7].  From  ‘18.1  g  of  p- bromobenzotrifluoride  was  obtained  15.9  g  (33.1*70)  of  p-trifluoromcthyl- 
phenyldichlorophosphine  with  b.p.  92-93*  (14  mm). 

Found  %;  P  12.28,  12.35.  C7H4PF3CI2.  Calculated  *70;  P  12.59. 
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p- Trifluoromcthylphenyltetrafluorophosphorane  was  prepared  similarly  to  phenyltetrafluorophosphorane  [1]. 
p-Trifluorometliylphenylteirachlorophosphorane  (9  g)  was  mixed  with  antimony  trifluoride  (7.5  g).  The  reaction 
was  violent  Yield  3.8  g  (53.0*70);  b.p.  140"141*,  1-5584. 

Found  P  12.24;  12. 46  C7H4PF7.  Calculated  P  12.30. 

p-Trifluoromethylphenylmonofluorophosphonic  acid  anilide.  Aniline  and  p-trifluoromethylphenyltetrafluoro- 
phosphorane  were  mixed  in  2:1  molar  ratio  without  exclusion  of  atmospheric  moisture.  M.p.  173-174*  after  crystal¬ 
lization  from  dichloroethane. 

Found  N  4.69.  4.81.  C13HJ2O2NPF4.  Calculated  N  4.36 

p-Trifluoromethylphenylphosphonic  dichloride.  p-Trifluoromethylphenyldichlorophosphine  (6.4  g)  was 
chlorinated  to  the  tetrachloro  derivative,  which  was  then  treated  with  sulfur  dioxide.  Yield  of  dichloride  6.08  g 
(88.8%),  n“D  1.4940.  d^^jo  1-5286. 

Found  P  12.00,  12.22.  C7H4OPF3CI2.  Calculated  P  11.79. 

p-Trifluoromethylphenylphosphonic  acid  dianilide.  Benzene  solutions  of  aniline  and  the  dichloride  of  the 
acid  were  mixed.  The  product  crystallized  from  aqueous  alcohol;  m.p.  193-194*. 

Found  %:  N  7.44.  7.56;  P  8.20,  7.91.  Calculated  %;  N  7.45;  P  8.24.  C,5Hi60N2PF3. 

p-Trifluoromethylphenylphosphonic  acid  was  obtained  by  hydrolysis  of  the  dichloride.  M.p.  177-179*  after 
crystallization  from  water  and  then  from  a  mixture  of  benzene  and  ether.  Readily  soluble  in  ether,  acetone,  in¬ 
soluble  in  benzene,  chloroform,  and  ligroine. 

Found  *70:  P  13.61,  14.00.  C7H6O3PF3.  Calculated  %  P  13.72. 

p-Trifluoromethylphcnylthiophosphonic  dichloride.  Prepared  by  addition  of  sulfur  to  the  dichlorophosphine 
in  presence  of  aluminum  chloride.  Yield  88.8*7‘T  b.p.  89-90“  (3  mm),  n^^D  1.5445,  d^^20  1*5254. 

Found  P  11.00,  10.94.  C7H4SPF3CI2.  Calculated  %;  P  11.11. 

p-Trifluoromethylphenylphosphonic  difluoride.  From  6.1  g  of  p-trifluoromethylphosphonic  difluoride 
From  6.1  g  of  p-trifluoromethylphosphonic  dichloride  and  2.9  g  of  zinc  fluoride  was  obtained  4.7  g  (88.1%)  of  the 
difluoride;  b.p.  186-187*. 

Found  %:  P  13.21,  13.60.  C7H4POF5.  Calculated  %;  P  13.48. 

Isopropyl  ester  of  p-trifluoromethylphenylmonofluorophosphonic  acid.  A  solution  of  1  ml  of  isopropyl  al¬ 
cohol  and  1.5  ml  of  triethylamine  in  25  ml  of  benzene  was  stirred  into  a  solution  of  2.5  g  of  the  difluoride  in  ' 

25  ml  of  benzene.  The  mixture  was  left  overnight  and  then  washed  with  water.  The  benzene  solution  was  dried, 
the  benzene  distilled  off,  and  the  product  distilled  in  vacuo.  Yield  1.7  g  (58.2%). 

B.p.  94-95"  (8  mm),  n^^  1.4333,  d2®25  1-2853. 

Found  %;  P  11.21.  11.25.  C10HUO2PF4.  Calculated  %;  P  11.48. 

Phenyl-  ot-fluoromethylphosphonic  acid.  A  solution  of  6.7  g  of  phenyltetrafluorophosphorane  in  100  ml  of 
absolute  ether  was  placed  in  a  reactor  equipped  with  dropping  funnel,  thermometer,  and  stirrer.  A  solution  of 
3  g  of  diazomethane  in  150  ml  of  absolute  ether  was  added  at  ~20  to  -30*,  and  the  mixture  was  left  overnight. 
After  the  ether  had  been  taken  off,  the  oily  product  was  treated  with  water.  The  deposited  crystals  were  filtered. 
M.p.  94-95"  (from  a  mixture  of  benzene  and  ligroine).  Yield  2  g  (31.7%).  Readily  soluble  in  alcohol,  water,  and 
benzene,  sparingly  in  ligroine. 

Found  %  F  11.17,  10.92.  Equiv.  1.01,  1.02.  C7H8O2PF.  Calculated  %;  F  10.92.  Equiv.  1.0. 

Ammonium  salt.  Prepared  by  evaporation  of  a  mixture  of  aqueous  ammonia  and  phenyl- o^fluoromethyl- 
phosphonic  acid. 

Found  %;  N  7.35.  7.38.  C7H7O2PF  •  NH4*  Calculated  %:  N  7.33. 

Reaction  of  phenyltetrafluorophosphorane  with  propionic  acid.  A  mixture  of  19.5  g  of  phenyltetrafluoro¬ 
phosphorane  and  8  ml  of  propionic  acid  was  placed  in  a  flask  with  a  Wurtz  fitting  and  a  condenser  (the  whole 


3988 


set-up  was  constructed  of  copper  with  ground- glass  connections).  The  mixture  was  heated  with  a  burner.  A  liquid 
(6.8  g)  was  distilled  off.  After  redistillation  the  yield  of  fluoride  with  b.p.  44-45*  was  4.2  g  (52*70).  The  anilide 
with  m.p.  104-105*  was  prepared. 

Reaction  of  phenyltetrafluorophosphorane  with  lithium  propionate.  Dry  lithium  salt  (3.8  g)  was  added  to 
9.7  g  of  the  phosphoranc  in  a  Wurtz  flask  gently  heated  with  a  burner.  A  liquid  with  b.p.  42-48*  came  over.  After 
redistillation  the  yield  of  propionyl  fluoride  with  b.p.  4^1-45“  was  1.5  g  (41.8'7o). 

SUMMARY 

p-  Trifluoromethylphenyldichlorophosphine.  p- trifluoromethylphenyltetrafluorophosphorane,  p- trifluorometh- 
ylphenylphosphonic  difluoride,  and  some  of  their  derivatives  were  prepared. 

Hydrolysis  of  the  product  of  reaction  of  phenyltetrafluorophosphorane  with  diazomethane  gave  phenyl- w- 
fluoromethylphosphonic  acid. 

Starting  from  propionic  acid  as  the  acid  component,  it  was  shown  that  phenyltetrafluorophosphorane  reacts 
with  carboxylic  acids  with  formation  of  fluorides  of  the  carboxylic  acids. 
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Bromination  of  hydroxy  derivatives  of  naphthofuran  (I),  (11)  by  dioxane  dibromide  and  bromosuccinimide 
leads  to  replacement  of  the  hydrogen  atom  in  the  4  position  by  a  bromine  atom.  Derivatives  of  5-hydroxy* 4- 
bromonaphthofuran  (El),  (IV)  are  formed.  The  position  of  the  bromine  atom  in  the  products  was  verified  bytheir 
oxidation  to  o-quinones  of  the  naphthofuran  series  (V),  (VI),  which  were  characterized  in  one  of  our  earlier 
studies  [1]. 
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Bromination  of  1,2-dimethyl- 3-catbethoxy-5-hydroxybenzindole  (V 11)  and  1- phenyl- 2- methyl- 3- car-  • 
bethoxy-5-hydroxybenzindole  (VIU)  leads  to  secondary  reactions.  Bromination  of  the  N-phenylbenzindole  deriv¬ 
ative  (Vni)  with  dioxane  dibromide  gave  a  bromine- free  substance.  The  analysis  and  qualitative  reactions  of 
this  compound  indicated  the  striicture  of  a  bisbenzindole  (DC).  Treatment  of  (VEH)  with  bromosuccinimide  gave 
another  substance  with  the  proposed  structure  (X).  This  differed  from  (K)  in  containing  one  molecule  of  water  ' 
less.  Its  properties  were  also  different.  Bromination  of  the  N-methylbenzindole  derivative  (VII)  leads  to  forma¬ 
tion  of  resinous  polymers. 
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Reaction  of  derivatives  of  naphthofuran  (I),  (H),  and  of  benzindole  (VII),  (VIII)  with  diazo  compounds  in 
presence  of  sodium  acetate  in  dioxane  gave  a  series  of  azo  dyes  (XI)- (XVIII).  The  structure  of  the  latter  was 
confirmed  by  reduction  to  the  aminohydroxy  derivatives  which  were  oxidized  (without  separation  from  the  reac 
tion  liquid)  to  the  previously  prepared  [1]  substituted  o-quinones  (V),  (VI),  (XIX),  (XX). 
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(XIX)X  =  N-CH„  R  =  CH,; 
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EXPERIMENTAL 

2-Methyl- 3-carbethoxy- 4- bromo- 5- hydroxynaphthofuran  (HI),  a)  Bromination  with  dioxane  dibromide. 
A  solution  of  dioxane  dibromidc,  prepared  by  dissolving  4  g  of  bromine  in  30  ml  of  dioxane,  was  added  dropwise 
to  a  solution  of  6  g  of  naphthofuran  (I)  in  60  ml  of  dioxane.  The  reaction  liquid  was  left  for  half  an  hour  at 
room  temperature.  After  addition  of  100  ml  of  water,  the  solution  was  left  overnight  in  a  refrigerator.  The  crys¬ 
tals  were  collected  and  recrystallized.  Yield  5  g  of  (HI)  with  m.p.  91-92*  (from  benzene). 

Found  C  55.10,  55.03;  H  3.84,  3.97;  Br  22.75.  22.88.  Ci6tIi304Br.  Calculated  C  55.01;  H  3.73; 

Br  22.92. 

b)  Bromination  with  bromosuccinimide.  To  a  suspension  of  4.05  g  of  (I)  in  15  ml  of  carbon  tetrachloride 
was  added  2.5  g  of  bromosuccinimide,  and  tlie  reaction  solution  boiled  for  40  min  on  a  water  bath.  The  result¬ 
ing  precipitate  was  filtered  off.  The  mother  liquor  v;as  allowed  to  evaporate  at  room  temperature,  and  tha  de¬ 
posited  crystals  rccrystallized  from  benzene.  Yield  of  compound  (HI)  1.26  g,  m.p.  91-91.5*.  A  mixture  \nth 
(in)  obtained  in  the  preceding  experiment  had  an  unchanged  melting  point. 

2-Phenyl-3-carbeihoxy-4-bromo-5-hydroxynaphthofuran  (IV).  a)  Bromination  with  dioxane  dibromide. 
Bromination  conditions  were  as  for  compound  (I).  Reaction  components  were  3  g  of  (11)  and  2  g  of  bromine  in 
40  ml  of  dioxane.  Yield  of  bromide  (IV)  1.71  g;  m.p.  141-142*  (from  alcohol). 

Found  ‘/o;  C  61.45.  61.33;  H  3.59,  3.69.  C2iHi304Br.  Calculated  C  61.32;  H  3.67. 

b)  Bromination  with  bromosuccinimide.  Experimental  conditions  were  as  for  bromination  of  (I),  using 
4.4  g  of  (H)  and  2.4  g  of  bromosuccinimide  in  16  ml  of  carbon  tetrachloride.  Yield  of  bromide  (IV)  4  g, 
m.p.  142-142.5*  (from  benzene).  No  depression  of  melting  point  in  admixture  with  (IV)  from  the  preceding 
experiment. 

Action  of  dioxane  dibromide  on  1- phenyl- 2- methyl- 3-carbethoxy- 5- hydroxybenzindole  (VIII).  A  solu¬ 
tion  of  dioxane  dibromide  in  dioxane,  prepared  from  176  g  of  bromine  and  17  ml  of  dioxane,  was  added  in 
10  min  at  room  temperature  with  good  stirring  to  a  suspension  of  3.45  g  of  product  (VIE)  in  30  ml  of  dioxane. 
The  reaction  mixture  was  left  for  30  min.  The  precipitate  was  filtered,  washed  with  alcohol,  and  recrystallized 
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Azo  Dyes,  Derivatives  of  Naphthofuran  and  Benzindole 


Azo  coupling  in  synthesis  of  dye  (XVni)  was  performed  at  10-12*,  and  in  the  remaining  experiments  at  0-5". 


from  toluene.  Yield  of  compound  (IX)  2.2  g  with  m.p.  25'7-258*.  Compound  (DC)  dues  not  contain  bromine;  its 
solution  in  dioxane  acquires  a  violet  color;  it  gives  a  positive  reaction  (red  color)  with  ferric  chloride. 

Found  ‘yo;  C  76.58.  76.70;  H  5.46.  5.44.  CiiHagOeNj  Calculated  %  C  76.73;  H  5.27. 

Action  of  bromosuccinimide  on  l-phenyl-2-methyl-3-carbethoxy-5-hydroxybenzindole  (VIII).  To  a  sus¬ 
pension  of  1  g  of  (Vni)  in  9  ml  of  glacial  acetic  acid  at  room  temperature  was  added  0.45  g  of  bromosuccinim¬ 
ide.  With  good  stirring  the  bcnzindole  (VIII)  gradually  dissolved  and  the  color  of  the  solution  changed  from 
yellow  to  green  At  the  .same  time  a  solid  came  down,  and  was  filtered  and  recrystallized  from  toluene.  Yield 
of  (X)  0.52  g.  m.p.  325-327*.  Compound  (X)  does  not  contain  bromine  and  does  not  give  a  coloration  with  ferric 
chloride. 

Found  %:  C  79.18.  79.20;  H  4.86.  5.03.  C44H3405N2.  Calculated  °lox  C  78.79.  H  5.11. 

Oxidation  of  2-methyl-3-carbothoxy-4-bromo-5-hydroxynaphthofuran  (IE).  To  a  well- stirred  suspension 
of  0.75  g  of  (El)  in  10  ml  of  glacial  acetic  acid  was  added  a  solution  of  0.66  g  of  chromic  oxide  in  water,  and 
stirring  was  contuiucd  for  20  min  at  10-12*.  The  resulting  solution  was  diluted  with  water  and  cooled.  The 
viscous,  red  mass,  containing  quinone  (V).  was  separated  and  dissolved  in  acetic  acid  with  heating.  The  result¬ 
ing  solution  was  heated  with  0.5  g  of  o-phenylenediaminc.  The  yellow  precipitate  of  phenazine  derivative  was 
filtered.  Yield  0.22  g,  m.p.  194"  (from  alcohol),  in  agreement  with  the  melting  point  of  the  previously  prep¬ 
ared  phenazine  derivative  [1]. 

Oxidation  of  2-phenyl-3-carbethoxy-4-bromo- 5-hydroxyTiaphthofuran  (IV).  To  a  w'ell- stirred  suspension 
of  0.95  g  of  bromide  (IV)  in  11  ml  of  glacial  acetic  acid,  cooled  to  10-12".  was  gradually  added  chromic  acid 
prepared  from  0.88  g  of  chromic  oxide  and  1  ml  of  water  The  reaction  liquid  was  stirred  for  an  hour  and  cooled. 
The  red  crystals  of  quinone  (VI)  were  filtered.  Yield  0.47  g;  m.p.  191-191.5“  (from  alcohol)  corresponding  to  the 
melting  point  of  quinone  (VI)  previously  obtained  [1]. 

2-Methyl- 3- carbethoxy- 4- (p-nitrophenylazo)-5-hydroxynaphthofuran  (XI).  To  a  well-stirred  suspension 
of  1.35  g  of  (I)  in  25  ml  of  dioxane  at  4"  was  gradually  added  a  solution  of  diazonium  salt  prepared  from  0.9  g 
of  p-nitroaniline.  15  ml  of  concentrated  hydrochloric  acid.  20  ml  of  water.  0.5  g  of  sodium  nitrite,  and  (later) 

l. 35  g  of  sodium  acetate.  The  reaction  mixture  was  stined  for  2  hr  at  0-5*.  The  solution  was  then  allowed  to 
stand  at  0*  for  several  hours,  and  the  red  crystals  were  filtered  and  dried.  Purification  from  the  chloroform -in¬ 
soluble  starting  substance  was  effected  by  reprecipitation  from  chloroform  solution  with  ligroine.  Yield  2. 07  g, 

m. p.  234-234.5*. 

Found  C  62.91.  62.63;  H  4.17.  4.28.  CzaH^OeNs-  Calculated  C  63. 00;  H  4.09. 

Azo  dyes  (Xll)-(XVin)  were  prepared  similarly  (see  table). 

Conversion  of  2-mc‘thyl-3-carbothoxy-4-(p-tolylazo)-5-hydroxynaphthofuran  (XII)  into  2-mcthyl-3-car- 
bethoxy-4.5-dioxonaphtliofuran  (V ).  Zinc  dust  was  added  to  a  boilmg  solution  of  0.4  g  of  azo  compound  (XII) 
in  20  ml  of  acetic  acid  until  the  red  solution  had  lost  its  color.  The  solution  was  filtered  from  the  slurry  and 
chromic  acid  (prepared  by  dissolving  0.3  g  of  chromic  acid  in  water)  was  added  Oxidation  was  performed  under 
the  conditions  described  earlier  [1].  Orange  crystals  of  o-quinone  (V)  were  obtained,  m.p.  140-140. 5*.* 

The  phenazine  derivative,  prepared  by  reaction  of  quinone  (V)  with  o-phenylenediamine,  melted  at  194*.  De¬ 
rivatives  of  o-quinonos  (VI).  (XIX),  (XX)  were  prepared  in  similar  fashion  from  azo  compounds  (Xni)-(XVin). 
Their  melting  points  were  identical  with  those  of  the  phenazine  derivatives  of  o-quinones  (VI),  (XIX),  (XX)  de¬ 
scribed  in  the  preceding  paper  [1]. 


SUMMARY 

1.  It  was  shown  that  bromination  of  derivatives  of  5-hydroxynaphthofuran  by  dioxane  dibromidc  and 
bromosuccinimide  leads  to  formation  of  derivatives  of  4-bromo- 5-hydroxynaphthofuran.  The  action  of  dioxane 
dlbromide  and  bromosuccinimide  on  substituted  5-hydroxyindoles  under  similar  conditions  is  more  complex, 
compounds  free  of  bromine  as  well  as  resinous  polymers  being  formed. 

2.  Azo  dyes  were  obtained  in  good  yield  by  azo  coupling  of  derivatives  of  5-hydroxynaphthofuran  with 
diazonium  salts. 


•Only  in  this  experiment  was  o-quinone  (V)  obtained  free  of  impurities.  In  other  experiments  it  was  character¬ 
ized  in  the  form  of  the  phenazine  derivative. 
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Many  cases  arc  known  of  differences  between  the  biological  activity  of  the  levo  and  dextro  isomers  of 
asymmetric  compounds.  This  is  due  to  the  proteins  of  the  living  organism  being  levorotatory,  so  that  steric 
factors  will  influence  their  interaction  in  different  ways  with  the  dextro  and  levo  isomers  of  a  biologically  ac 
live  substance. 


Many  compounds  possess  local  anesthetic  activity,  but  no  reliable  data  are  available  about  the  mechan¬ 
ism  of  their  action  [1].  It  has  been  stated  that  the  local  anesthetic  activity  of  a  substance  depends  only  on  its 
physicochemical  properties  and  that  it  does  not  enter  into  a  reaction  of  any  sort  with  proteins  of  the  organism 
[2].  Other  authors  assert  that  the  mechanism  of  local  anesthetic  action  resolves  itself  into  chemical  reaction  of 
the  substance  with  the  proteins  participating  in  the  transmission  of  nerve  impulses  [3].  A  comparatii/e  investiga¬ 
tion  of  the  local  anesthetic  activity  of  optical  isomers  of  asymmetric  compounds  might  help  to  some  extent  in 
solving  this  problem. 

Only  three  studies  of  the  local  anesthetic  activity  of  optically  active  stereoisomers  are  known,  and  two  of 
tliese  [4,  5]  are  concerned  with  isomers  of  cocaine  and  eucaine,  i  e.,  substances  containing  more  than  one  asym¬ 
metric  carbon  atom.  The  third  article  [6]  alone  considers  a  compound  (diothane)  containing  one  asymmetric 
carbon  atom,  but  the  investigation  of  the  local  anesthetic  activity  was  inadequate. 

Making  use  of  our  data  for  the  local  anesthetic  activity  of  some  arylamides  of  dialkylaminoacetic  acids 
[7],  we  synthesized  compounds  with  the  general  formula  (I),  which  contain  a  single  asymmetric  carbon  atom. 

These  compounds  were  synthesized  by  the  following  route; 


R  R 

\  \  (ill 

(II)  (III) 

R 

./ 


HN(C,Ht). 


R'— ^  NUCOCUN(C.,Ilr,)., 

\_< 


R" 

(I) 


CIL 


a)  R  =  R"  =  H.  R'  =  CH,;  b)  R  =  R'  =  CH,.  R"  =  It ;  c)  R  =  R"  =  CH,.  R'  =  H 
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Reaction  of  amine  (H)  with  a-bromopropionyl  bromide  in  acetic  acid  gave  the  bromopropionyl  deriva¬ 
tives  (HI),  which  were  then  brought  into  reaction  with  diethylamine. 

Resolution  of  the  optical  antipodes  of  the  bases  was  carried  out  with  the  help  of  D* tartaric  acid.  The  re¬ 
sulting  bitartrates  were  recrystallized  2-3  times  from  water  or  alcohol  until  the  angle  of  rotation  was  constant. 
The  bases  were  isolated  by  treatment  of  the  aqueous  solutions  of  the  salts  with  concentrated  ammonia  or 
NaOIi  solution  Treatment  of  the  filtrate  (after  separation  of  one  isomer)  with  alkali  enabled  isolation  of  the 
second  isomer  slightly  contaminated  witli  the  first  isomer. 

Pharmacological  tests  were  performed  with  hydrochlorides  of  the  racemates  as  well  as  of  the  optically  ac 
tive  bases.  Salts  were  prepared  by  reaction  of  an  ethereal  solution  of  the  base  with  the  calculated  quantity  of 
alcoholic  solution  of  hydrogen  chloride. 

The  results  of  the  investigation  showed  that  levorotatory  isomers  are  slightly  superior  in  local  anesthetic 
activity  to  the  dextrorotatory. 

P.  E.  Motovilov  carried  out  the  comparative  study  of  the  local  anesthetic  activity  of  the  hydrochlorides, 
and  we  express  our  thanks  to  him. 


experimental 

Preparation  of  amides  of  a-bromopropionic  acid.  To  a  solution  of  0.5  mole  of  amine  dissolved  in  400  ml 
of  glacial  acetic  acid  and  cooled  to  10“  was  added  0.55  mole  of  a-bromopropionyl  bromide,  and  then  165  g  of 
sodium  acetate  in  700  ml  of  water.  The  precipitate  was  filtered,  washed  with  water,  dried,  and  recrystallized 
from  aqueous  alcohol.  In  this  way  we  prepared  the  bromopropionyl  derivatives  of:  a)  p-toluidine,  m.p.  128- 
129*,  yield  64.5‘7o[8];  b)  2,4-dimcthylaniline,  m.p.  164-165’,  yield  66.2‘yo[9];  c)  2,6-dimethylaniline, 
m.p.  171-172’,  yield  65.5% [10]. 

Amination  of  amides  of  a-bromopropionic  acid.  A  mixture  of  0.17  mole  of  the  a-bromopropionyl  deriva¬ 
tive  of  the  amine,  200  ml  of  anhydrous  benzene,  and  50  ml  of  diethylamine  was  heated  on  a  glycerol  bath  at 
90-100’  (bath  temperature)  for  5-8  hr.  Diethylamine  hydrobromide  was  filtered  off  and  washed  with  anhydrous 
benzene.  The  benzene  was  distilled  off  and  the  residue  recrystallized  in  vacuo.  The  following  substances  were 
obtained  (I): 

a)  a-Diethylaminopropionyl-4-methylanilide,  b.p.  142-145*  (2  mm),  yield  84.5% 

Found  %:  C  72.00;  H  9.53;  N  12.08.  C14H22ON2.  Calculated  %;  C  71.75;  H  9.46;  N  11.96. 

b)  a-Diethylaminopropionyl  2,4-dimethylanilide,  b.p.  162-163’  (2.5  mm),  yield  89.6% 

Found  %:  C  72.43;  H  9.92;  N  11.37.  C15H24ON2.  Calculated  %;  C  72.54;  H  9.74;  N  11.28. 

c)  a-Diethylaminopropionyl- 2,6- dimethylanilide,  b.p.  175-176’  (5  mm),  yield  81%[10]. 

Resolution  of  a-diethylaminopropionyl-4-methylanilide.  To  a  solution  of  16.2  g  of  D-tartaric  acid  in 
50  ml  of  water  was  added  dropwise  (with  shaking)  25.4  g  of  the  racemic  base.  A  salt  came  dovm  on  standing 
and  was  filtered  and  recrystallized  from  alcohol  until  its  angle  of  rotation  was  constant.  M.p.  104-110*, 

[a]^^  D  +  2. 18’  in  15% methanol  solution. 

Resolution  of  a- diethylaminopropionyl- 2,4- dimethylanilide.  To  a  solution  of  24.9  g  of  D-tartaric  acid 
in  67  ml  of  water  was  gradually  added,  with  shaking,  38.74  g  of  the  racemic  base.  The  mass  was  left  overnight. 
The  precipitated  salt  was  filtered,  washed  with  ether,  and  recrystallized  from  water  to  constant  angle  of  rotation; 
m.p.  90-92’,  yield  29.04  g;  [a]^®’®  D  +  8.55’  in  15%  methanol  solution. 

The  salt  was  dissolved  in  water  and  treated  with  20  ml  of  concentrated  ammonia.  After  extraction  with 
ether,  drying  of  the  extract  with  potassium  carbonate,  and  distillation  of  the  ether,  the  residue  was  distilled  in 
vacuo.  B.p.  153-156’  (3.5  mm),  yield  of  base  13.5  g  (70.2%),  [a]^^D  -34.73’  in  15%  methanol  solution. 

Treatment  with  ammonia  of  the  filtrate  after  separation  of  the  bitartrate  of  the  levorotatory  base  yielded 
the  base  with  b.p.  142-144’  (1.5  mm)  and  [a]^  D  +  25.91’  in  15% methanol  solution. 


3996 


NIICOCHN(C,H,),  •  HCl 
CH, 


R 

R' 

R" 

i 

_ 

Specific 
rotation 
of  base 

Melting 

point 

Found,  *70 

Empirical 

formula 

Calc.,  *7® 

Cl 

N 

Cl 

N 

H 

CIU 

M 

4  1.5,02*' 

190-198® 

13.05 

10.10 

C14H.22ON2  •  MCI 

13.09 

10.34 

CII3 

CM:, 

11 

-:ii.73 

157-159 

12..52 

9.74 

CijM  4ON.. .  MCI 

1244 

9.83 

OI13 

CM3 

M 

-1  2.').!)! 

1.57-1.58 

12.01 

9.‘J2 

C,5M2,0N.,  .  MCI 

12.44 

9.83 

CII3 

M 

CM, 

-14  57 

237-238 

12.33 

9.42 

Ci3n.240N,  .  MCI 

1 2.44 

9.83 

CH3 

M 

CM3 

+  13.5'J 

232-233.5 

12.21 

9.52 
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Resolution  of  a-diethylaminopropionyl-2.6-dimethylanilide.  To  a  solution  of  12.56  g  of  D-tartaric  acid 
in  32  ml  of  water  was  gradually  added,  with  shaking,  19.60  g  of  racemic  base  dissolved  in  25  ml  of  alcohol.  A 
precipitate  came  down  at  once.  After  heating  for  10  min  on  the  water  bath,  the  mass  was  allowed  to  stand  over¬ 
night^.  The  precipitate  was  then  filtered  and  recrystallized  from  alcohol  until  the  angle  of  rotation  was  constant, 
[a]^®  D  +  0.98*  in  37o aqueous  solution;  m.p.  89-93". 

The  salt  was  dissolved  in  water  and  treated  with  20*^0  NaOH  solution.  The  colorless  precipitate  was  filtered, 
washed  with  water,  and  dried  in  a  desiccator;  m.p.  61-64*,  yield  6.73  g  (68.6*70),  [a]^®  D  -14.57  in  15*70 methanol 
solution. 


After  the  bitartrate  of  the  levorotatory  base  had  been  separated,  the  filtrate  was  evaporated  to  a  viscous, 
jelly-like  mass  which  did  not  crystallize  after  prolonged  standing.  Treatment  with  20*70 NaOH  solution  led  to 
separation  of  the  base  with  m  p.  59-61*.  yield  6.0  g  (61.2*70).  [a]^*  D  +  13.59*  in  15*7®  methanol  solution. 

Preparation  of  hydrochlorides  of  the  salts.  To  a  cooled  solution  of  5  g  of  base  in  60  ml  of  absolute  ether 
was  added  the  calculated  quantity  of  ~10*7oHCl  solution  in  anhydrous  alcohol.  The  precipitate  was  filtered, 
washed  with  absolute  ether,  recrystallized  from  absolute  acetone,  and  precipitated  with  absolute  ether.  The 
product  was  dried  in  a  desiccator.  Yield  nearly  quantitative.  The  following  were  prepared; 

a)  Hydrochloride  of  racemic  a-diethylaminopropionyl-4-methylanilide,  m.p.  191-192". 

Found  *7o;  N  10.21;  Cl  13.09.  C14H22ON2  '  HCl.  Calculated  *7o:  N  10.34;  Cl  13.09. 

b)  Hydrochloride  of  racemic  a-diethylaminopropionyl-2,4-diiiiethylanilide.  m.p.  159-161*. 

Found  *7o:  N  9.86;  Cl  12.48.  Cj-HmONz  '  HCl.  Calculated  *7®:  N  9.83;  Cl  12.44. 

c)  Hydrochloride  of  racemic  a-diethylaminopropionyl-2,6-dimethylanilide.  m.p.  231-233*  [10]. 

The  hydrochlorides  of  the  optically  active  isomers  were  prepared  by  the  same  method  (see  table). 


SUMMARY 

1.  Three  arylarnides  of  a-diethylaminopropionic  acid  were  synthesized,  two  of  them  for  the  first  time. 
They  were  resolved  into  their  optical  antipodes  with  the  help  of  D-tartaric  acid. 

2.  Comparative  pharmacological  tests  showed  that  all  the  synthesized  compounds  possess  local  anesthet¬ 
ic  activity,  and  that  the  levorotatory  isomers  were  slightly  more  active  than  the  dextrorotatory.  This  difference 
was  greatest  with  the  isomers  of  a-diethylaminopropionyl-2,4-dimethylanilide  which  have  the  highest  specific 
rotation. 
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INVESTIGATIONS  IN  THE  FIELD  OF  SYNTHETIC  DYES 
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G.  T.  Pilyugin  and  I.  N.  Chernyuk 
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Styryl  dyes  [1]  have  been  synthesized  by  condensation  of  organic  carbonyl -containing  compounds  with 
cyclammonium  bases  containing  an  active  methyl  group.  A  series  of  compounds  of  this  class  were  later  prep¬ 
ared  which  found  application  as  sensitizers  and  desensitizers  [2-6]. 

Continuing  our  work  on  condensation  of  N-arylquinaldinium  quaternary  salts  [7-11],  we  carried  out  the 
synthesis  of  p-aminostyiryls  and  p-dimethylaminostyryls  from  N-arylquinaldinium  quaternary  salts.  The  prepara¬ 
tion  and  investigation  of  such  styryls  were  of  interest  because  the  field  has  not  prcvioirsly  been  explored.  Due  to 
the  presence  of  an  electrophilic  radical  at  the  nitrogen  atom,  the  hydrogen  atoms  of  the  methyl  group  in  the 
a- position  are  here  more  labile  than  in  alkylhalides  of  quinaldine,  lepidine,  benzothiazole  and  imidazole  [12], 
and  therefore  the  styryls  were  formed  with  relative  facility. 

The  condensation  involved  the  following  mechanism: 

♦  HjO 

R  X  R  X  (I) 

R=CjHj  ,C,H^CHj,p),C,|,H7(a,p);  R’  =  CHj,H; 

X=I,tlO,,; 

We  see  from  the  table  that  dyes  with  a  dialkylamino  group  in  the  para- position  exhibit  an  absorption  max¬ 
imum  at  a  wavelength  10-20mfi  larger  than  in  the  case  of  amino  derivatives.  This  is  accounted  for  by  the 
more  pronounced  nucleophilic  properties  of  the  dimethylamino  derivatives  and  by  the  lower  energy  level  of  the 
molecules  of  these  dyes  at  the  instant  of  excitation  in  comparison  with  amino- substituted  styryls.  Dyes  of  the 
p-aminostyryl  series  with  a  phenyl  or  8-naphthyl  radical  at  the  hetcronitrogen  atom,  also  their  substituted  de¬ 
rivatives,  have  their  absorption  maximum  shifted  in  the  direction  of  the  short-wave  region  by  a  uniform  amount 
(6  mp  )  after  introduction  of  a  methyl  group  into  the  6-position  or  of  a  phenylenc  group  into  the  5,6-position. 
When  an  a- naphthyl  radical  is  attached  to  the  heteronitrogen,  the  absorption  maximum  of  the  dyes  is  displaced 
toward  the  long- wave  region  in  relation  to  dyes  containing  phenyl  and  6  -  naphthyl  radicals.  However  in  this 
case  also,  the  methyl  group  in  the  6- position  induces  a  hypsochromic  shift.  In  the  p-dimethylaminostyryl  series 
an  a- naphthyl  radical  at  the  heteronitrogen  causes  a  bathochromic  shift  of  the  absorption  maximum  relative  to 
phenyl  and  6- naphthyl  radicals. 
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•Spectra  were  taken  with  the  SF-2M  spectrophotometer. 

EXPERIMENTAL 

(l-Phenylquinolyl-2)-p-aminostyTyl  perchlorate.  A  mixture  of  1  g  of  1-phenylquinaldinium  perchlorate, 
0.38  g  of  p-aminobenzaldehyde,  and  5  ml  of  pyridine  was  refluxed  in  a  small  conical  flask  for  60  min.  The 
mass  was  then  transferred  to  a  beaker  of  water.  Crystals  of  the  dye  came  down  after  20  min  and  were  well 
washed  free  of  pyridine  with  water  during  filtration.  Yield  of  styryl  1.33  g  (91%).  Recrystallization  from  aque¬ 
ous  alcohol  gave  black  crystals  with  a  greenish  metallic  sheen;  m.p.  285-287*  (decomp.). 

Found  %:  N  6.35.  C23H13O4N2CI.  Calculated  %;  N  6.60. 

(l-Phcnyl-5.6-bcnzoquinolyl-2)-p-aminostyryl  iodide.  The  dye  was  prepared  as  in  the  first  case  from 
equimolar  quantities  of  1- phenyl- 5,6- benzoquinaldinium  iodide  and  p-aminobenzaldehyde.  Dark  crystals  with 
a  reddish  metallic  sheen,  m.p.  295"  (decomp.).  Yield  81% after  recrystallization  from  aqueous  alcohol. 

Found  %:  N  5.40,  5.32.  C27H21N2I.  Calculated  %:  N  5.59. 

(1-  a-Naphthylquinolyl-2)-p-aminost)'ryl  iodide.  Synthesized  by  gentle  boiling  for  50  min  of  1  g  of  1-  a- 


perchlorate  (0.5  g),  p-aminobenzaldehyde  (0.14  g),  and  pyridine  (3  ml)  were  heated  on  a  paraffin  wax  bath  for 
50  m  in  at  120*.  The  product  was  worked  up  as  before  to  give  dark  crystals  of  dye  with  m.p.  214*  (decomp), 
yield  0.52  g  (81%). 
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Found  N  5.15.  5.10.  C31H27O4N2CI.  Calculated  ‘7o:  N  5.35. 

(1*6 -Naphthyl- 5. 6-benzoquinolyl-2)-p-dimethylaminostyryl  perchlorate.  A  mixture  of  0.5  g  of  1-B* 
naphthyl- 5,6- benzoquinaldinium  perchlorate,  0.18  g  of  p-dimethylaminobenzaldehyde,  and  3  ml  of  pyridine 
was  refluxed  in  a  small  flask  for  40  min.  The  content  of  the  flask  was  then  transferred  to  a  beaker  of  water  and 
stirred  The  dye  came  down  at  the  bottom  of  the  beaker  in  the  form  of  a  resin  which  was  thoroughly  washed 
free  of  pyridine  with  water  and  ether,  and  recrystallized  from  aqueous  alcohol.  Dark- violet  crystals,  melting 
(decomp)  at  134-135*.  Tield  0.51  g  (Id-lo) 

Found  N  4.90,  4.85.  C33H27O4N2CI  Calculated  °Io:  N  5.08. 

(1- p- Tolyl-  6- methylquinolyl-  2)-  p- aminostyryl  perchlorate.  A  mixture  of  0.5  g  of  l-p-tolyl-6-methyl- 
quinaldinium  perchlorate,  018  g  of  p-aminobenzaldehyde,  and  3  ml  of  pyridine  was  gently  boiled  for  50  min 
on  a  paraffin  wax  bath.  The  dye  was  filtered,  washed  with  water  and  ether,  and  recrystallized  from  aqueous  al¬ 
cohol.  There  was  obtained  0.58  g  (85^o)  of  dark-green  crystals  with  m.p.  240*  (decomp.). 

Found  %:  N  5.96.  6.12.  C25H23O4N2CI.  Calculated  °Io:  N  6.21. 

(1-p- Tolyl- 6- methylquinolyl- 2)- p- dim ethylaminostyryl  perchlorate.  A  mixture  of  0.3  g  of  l-p-tolyl-6- 
methylquinaldinium  perchlorate,  0.13  g  of  p-dimeihylaminobenzaldehyde,  and  3  ml  of  pyridine  was  boiled  in 
a  small  flask  for  30  min.  The  mass  was  then  transferred  to  a  beaker  of  water  and  thoroughly  stirred.  The  dye 
came  down  as  a  resin  w'hich  was  washed  free  of  pyridine  with  water  and  ether.  Recrystallization  from  alcohol 
gave  0.2  g  (437o)  of  dark-violet  dye  with  m.p.  258“  (decomp.). 

Found  N  5. 6n,  5.67.  C27H27O4N2CI.  Calculated  “yo:  N  5.84. 

(1- a- Naphthyl- 6- methylquinolyl- 2)- p-aminost\Tyl  perchlorate.  A  mLxture  of  0.5  g  of  1- a- naphthyl- 6- 
methylquinaldinium  perchlorate,  0.16  g  of  p-aminobenzaldehyde,  and  4  ml  of  pyridine  was  gently  boiled  for 
50  min.  The  precipitated  styryl  was  filtered  and  washed  with  water  and  ether.  Yield  0.6  g  (dO^o).  On  recrystal¬ 
lization  the  styryl  formed  dark- violet  crystals  with  m.p.  259“  (decomp.). 

Found  °lo:  N  5.58,  5.61.  C28H23O4N2CI.  Calculated  N  5.75. 

(1-  g- Naphthyl- 6- methylquinolyl- 2)- p-dimcthylaminostyryl  perchlorate.  A  mixture  of  0.4  g  of  1-  a- 
naphthyl-C-methylqumaldinium  perchlorate,  0.15  g  of  p-dimethylaminobcnzaldehyde,  and  3  ml  of  pyridine 
was  refluxed  in  a  conical  flask  for  30  min.  The  content  of  the  flask  was  transferred  to  a  beaker  of  water  and 
stirred.  The  fine,  dark  crystals  were  filtered  and  wa.shed  with  water  and  ether.  After  rec.ystallization  from  al¬ 
cohol  the  styryl  melted  (with  decomp.)  at  162-164“. 

Found  %  N  5.24,  5.31.  C30H27O4N2CI.  Calculated  N  5.44. 

SUMMARY 

1.  Condensation  of  N-arylquinaldinium  salts,  containing  an  active  methyl  group  in  the  a- position,  with 
p-aminobenzaldehyde  and  p-dimethylaminobenzaldehyde  gave  11  styryl  dyes  which  have  not  been  described 
in  the  literature . 

2.  Absorption  curves  of  these  dyes  in  the  visible  spectrum  were  plotted.  The  absorption  maximum  suffers 
a  bathochromic  shift  of  10-20  mp  when  the  amino  group  is  replaced  by  a  dialkylamino  group. 
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Arylides  of  mandclic  acid  possess  anticonvulsant  activity  [1].  They  are  also  employed  for  the  synthesis 
of  derivatives  of  isoquinoline  [2]  and  3-phenyloxyindole  [3]  with  spasmolytic  and  analgesic  activity.  Arylides 
of  mandelic  acid  can  be  prepared  by  reaction  of  arylamines  with  acetylmandolyl  chloride  followed  by  detach¬ 
ment  of  the  acetyl  group  [1];  in  some  cases  they  are  also  obtained  by  direct  heating  of  mandelic  acid  with  aro¬ 
matic  amines  [4].  Less  important  is  the  reaction  of  amines  with  mandelic  acid  azide  [5]. 


It  was  earlier  shown  that  mandelic  acid  anilide  can  be  prepated  with  good  results  by  reaction  of  N,N-bis- 
(bromomagnesium  )aniline  with  ethyl  mandelate  [6]. 

The  present  investigation  was  undertaken  with  the  objective  of  extending  the  scope  of  the  latter  method 
and  of  further  utilizing  arylides  of  mandelic  acid  in  organic  synthesis. 

Experiments  showed  that  our  method  [6]  is  applicable  to  preparation  of  both  primary  and  secondary  aryl¬ 
ides  of  mandelic  acid.  Attainment  of  maximum  yields  of  manuclic  acid  arylides  requires  1.5  moles  of  the 
dimagnesylamine,  and  in  the  case  of  secondary  amines  it  requires  3  moles  of  monomagnesylamine  per  mole  of 
ester  (Table  1).  A  certain  excess  of  magnesylaminc  is  needed  for  reaction  with  the  hydroxy  group  of  the  ester. 

Starting  from  mandelic  acid  arylides  (I)  we  carried  out  the  following  reactions: 


RNllCOCFUOMjCflHs 

(I) 


RNIICOCOCells 

(H) 


CeHsNUCOCOCeMs  CellsNllCOClOH)  {Cells)  (CelUGHa-p) 

(HI)  (V) 

- ClCoMs)  (C0II4CII3-P) 


C=0 


H 

(VI) 


Treatment  of  amides  (I)  with  chromic  oxide  in  acetic  acid  led  to  good  yields  of  arylides  of  benzoylformic 
acid  (11)  (phenylglyoxylic  acid)  (Table  2). 

According  to  the  literature  the  arylides  of  phenylglyoxylic  acid  can  be  obtained  by  the  action  of  phos¬ 
phorus  pcntachloride  on  benzil  monoxime  [8],  by  heating  aryl  diisocyanates  with  benzoyl  chloride  and  subse¬ 
quent  hydrolysis  of  the  product  [10],  and  by  the  action  of  organomagnesium  compounds  on  hydroxyarylides  [11]. 
Oxidation  of  mandelic  acid  arylides  is  more  convenient  than  the  older  methods  for  preparation  of  arylides  of 
phenylglyoxylic  acid. 
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TABLE  1 

Mandclic  Acid  Arylides  C6H5CH(OHX^ONHR 


R 

Melting  I 
point 

Yield 

m 

p-CHiOCnU4 

153-1.540  |i| 

71.3 

P-CU3C0H4 

172|7| 

94.2 

o-cn3CfiH4 

71-72n 

6.5.3 

P-C1C„II4 

165— 16f)|i) 

83.5 

Q.M-.CIICII,* 

114 

76.6 

c,.ii.r,(OH)G6N(C.,ii5)C0ii5 

105— 106*  • 

81.2 

•Found  N  5.41,  5.35.  Ci6Hi702N-  Calcu¬ 
lated  N  5.49. 

••Literature  [1]:  m.p.  68-69*. 


Due  to  the  presence  of  a  ketonic  group  in  phenylglyox- 
ylic  acid  arylides,  phenylglyoxylic  acid  anilide  (IE)  reacts 
with  p-tolylmagnesium  bromide  (I\^)to  form  4-methylbenzyl- 
ic  acid  anilide  (V).  This  reaction  is  interesting  in  that  it 
leads  to  anilides  of  diarylglycolic  acids  containing  different 
aryl  radicals. 

Under  the  action  of  concentrated  sulfuric  acid,  anilide 
(V)  is  easily  converted  into  3-phenyl-3-(p-tolyl)-oxindole  (VI). 

The  synthesis  of  compounds  of  the  type  of  (V)  may  pre¬ 
sent  interest  for  the  study  of  the  halochromy  of  arylides  of 
hydroxycarboxylic  acids  [12],  and  also  as  starting  substances 
for  preparation  of  3,3-diaryl  derivatives  of  oxindole  con¬ 
taining  various  aryls. 


EXPERIMENTAL 

Preparation  of  phenylglyoxylic  acid  arylides  (II).  To 
a  stirred  and  cooled  (not  above  30*)  solution  of  0.1  mole  of 


TABLE  2 

Arylides  of  Phenylglyoxylic  Acid  RNHCOCOCgHs 


!  Melting  | 

R  I  point  1 

Appearance  (crystallization  solvent 
in  parentheses) 

Yield 

p-CllnC,Il4 

o-CU3GnU4 

p-GU:,OG0ll4 

1 

63— 64°(«1 
112— 113 1!'] 
107-108110] 
123* 

Te  iloW needles  (from  aque ous  alcohol 
Tellow  platelets  (from  alcohol) 
Vellow  platelets  (from  alcohol) 
yellow  prisms  (from  aqueous  alco¬ 
hol) 

)  88.2 
69.4 

78.1 

73.6 

•Found  N  5  36.  5  49  C15H15O3N.  Calculated  ‘7o;  N  5.45. 

•  •With  participation  of  students  A.  A-  Balakireva,  Z.  P.  Pronina,  and  V.  M. 

Uglovskaya.  \ 

arylide  (I)  in  20  ml  of  glacial  acetic  acid  was  added  a  solution  of  0.07  mole  of  chromic  oxide  in  7  ml  of  water. 
The  temperature  was  held  at  70*  until  the  yellow  color  changed  to  green.  The  reaction  mass  was  poured  into 
70  ml  of  water,  and  the  precipitate  was  filtered  and  crystallized  from  a  suitable  solvent  (Table  2). 

4-Methylbonzilic  acid  anilide  (V).  To  the  organomagnesium  compound  prepared  from  5.6  g  of  p-bromo- 
toluene  and  0.73  g  of  magnesium  in  20  ml  of  ether  was  added  a  solution  of  3.37  g  of  phenylglyoxylic  acid  ani¬ 
lide  (in)  in  15  ml  of  ether.  The  mass  was  heated  for  30  min  and  decomposed  with  hydrochloric  acid.  The  ether 
layer  was  separated,  the  ether  distilled  off  with  steam,  and  the  residue  purified.  The  compound  is  soluble  in 
ordinary  organic  solvents.  Needles  (from  gasoline)  with  m.p.  111-113*.  With  concentrated  sulfuric  acid  the 
anilide  gives  a  dark-cherry  coloration  which  disappears  on  standing.  Yield  3.9  g  (83*70)- 

Found  *70:  N  4.32,  4.18.  CjiHjjOjN.  Calculated  N  4.42. 

3-Phenyl-3-p-tblyloxindole  (VI).  To  a  solution  of  0.56  g  of  anilide  (V)  in  2  ml  of  glacial  acetic  acid 
was  added  3  ml  of  concentrated  sulfuric  acid.  The  resulting  dark-red  color  disappeared  after  standing  for  a 
short  period.  The  reaction  was  terminated  when  no  further  coloration  appeared  on  addition  of  a  fresh  portion 
of  sulfuric  acid.  The  reaction  mass  was  poured  into  water;  the  precipitate  was  filtered,  washed  with  water,  and 
crystallized  from  glacial  acetic  acid.  Platelets  with  m.p.  193-194*.  Yield  0.45  g  (84.9*70)  • 

Found  *70;  N  4.57,  4.39.  CjiHpON.  Calculated  N  4.68. 
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SUMMARY 


1.  The  scope  of  application  of  magnesylamines  for  synthesis  of  mandelic  acid  arylides  was  widened. 

2.  The  oxidation  of  mandelic  acid  arylides  with  formation  of  phenylglyoxylic  acid  arylides  was  studied. 

3.  It  was  shown  that  the  reaction  between  organomagnesium  compounds  and  phenylglyoxylic  acid  arylides 
can  be  used  for  preparation  of  arylides  of  diarylglycolic  acids  containing  different  aryls.  The  glycolic  acid  aryl¬ 
ides  can  be  converted  by  concentrated  sulfuric  acid  into  the  corresponding  3,3-diaryloxindoles. 

4.  The  arylides  of  mandelic  and  phenylglyoxylic  acid  described  in  this  paper  are  of  pharmacological 
interest. 
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In  1894  E.  March  and  J.  Gardner  [1]  reported  that  camphene  enters  into  reaction  with  PCI5  to  form  a  prod¬ 
uct  which  after  hydrolysis  gives  camphenylphosphonic  acid.  Reactions  of  PCI5  with  styrene,  propylene,  isobutene 
and  several  other  unsaturated  hydrocarbons  were  later  [2]  described.  Somewhat  later  [3]  Bulle  showed  tliat  the 
product  of  reaction  of  PCI5  with  indene  gives,  after  hydrolysis,  indenylphosphonic  acid.  Reactions  of  ethylenic 
and  acetylenic  hydrocarbons  with  PCI5  were  studied  more  thoroughly  by  E.  Bergman  and  A.  Bondi  [4]  who  estab¬ 
lished  that  the  reaction  goes  easily  with  some  hydrocarbons  with  formation  of  addition  products  which  on  hydrol¬ 
ysis  give  unsaturi.ted  piiosphonic  acids.  They  assumed  the  following  mechanism: 

ncii=cii2-i-rci5— >  nciici  -C1I2PCI4  — ncii=ciiPO(OH)2. 

They  did  not  isolate  an  intermediate  product,  but  noted  that  at  least  a  double  excess  of  PCI5  is  necessary 
for  good  yields. 

Later  investigators  [5-7]  made  extensive  use  of  the  reaction  of  PCI5  with  unsaturated  hydrocarbons  for  the 
preparation  of  unsaturated  phosphonic  acids  and  their  dichlorides  (formed  on  reaction  of  the  intermediate  prod¬ 
ucts  with  water  or  $02).  and  it  was  noted  that  the  intermediate  products  are  not  compounds  of  the  type  of 
RCHCICH2PCI4,  but  the  complexes  of  the  latter  with  PCls-  This  accounts  for  the  need  for  reaction  with  two 
moles  of  PCI5  which  was  observed  by  Bergman  and  Bondi. 

Up  to  now  not  a  single  compound  of  the  type  of  RCHCICH2PCI4  '  PCI5  or  RCHCICH2PCI4  has  been  isolated, 
nor  have  their  properties  been  studied  (cf.  [5]). 

It  seems  strange  that  hydrolysis  of  this  type  of  compound  or  their  treatment  with  SO2  under  the  mildest  con¬ 
ditions  should  lead  to  quantitative  detachment  of  HCl  with  formation  only  of  unsaturated  phosphonic  acids  or  their 
dichlorides,  and  not  of  the  corresponding  6  -  chlorophosphonic  acids  or  their  dichlotides. 

It  may  be  suggested  that  reaction  of  PCI5  with  unsaturated  hydrocarbons  proceeds  by  another  mechanism 
without  formation  of  derivatives  of  0  -  chlorophosphonic  acids,  namely: 

RCH=CH2  -f  PC14'  ->  ((RCHCHoPCU)^]  — 

X  +PCI~ 

— >  IlCl  +  [RCn=CHPCl3  j - ►  RCH=CHPCIJ  •  PClg 

The  aim  of  the  present  work  was  the  preparation  in  the  pure  state  of  the  direct  products  of  reaction  of  PCI5 
with  unsaturated  hydrocarbons  and  the  clarification  of  their  composition,  structure,  and  chemical  properties.  The 
compound  selected  for  the  investigation  was  stjTene  which  reacts  with  PCI5  with  facility  [7].  The  reaction  takes 
place  at  0*  in  the  course  of  6  hr  with  release  of  ~  1  mole  of  HCl  and  with  formation  of  a  crystalline,  nearly 
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colorless  complex  with  the  structure  CsHgCH  =  CHPCl3'^  •  PClg  .  It  was  thus  proven  that,  in  the  case  of  styrene 
at  least,  an  intermediate  product  of  die  structure  A1CHCICH2PCI4  *  PCI5  [7]  is  either  not  formed  or  is  so  unstable 
that  it  breaks  down  even  at  0*.  The  reaction  goes  at  a  much  higher  rate  at  70*.  The  yield  of  complex  CeHgCH  = 

=  CHPCl3‘‘'  •  PCle”  is  about  Styrylphosphonous  dichloridc  [7]  is  formed  in  high  yield  when  the  complex  is 

reacted  with  S02-  With  styrene  the  complex  forms  styrylphosphorus  tetrachloride.  On  reduction  with  red  phospho¬ 
rus  (cf.  [8])  the  complex  is  converted  into  styryldichlorophosphine. 


r,8ll5ClI=CHPCl3 


rci^ 


— POCI3  -f  2SOCi3  +  CeIl5CH=CIIPOCl., 


4-  styrene 

+'iPc:r 


t-f-so, 

HCl-^2Cen5Cll=CHPCl4 

I  p 

1  r^r 

2  PCI3  +  Ccn5cn=ciirci2 


All  these  chemical  reactions  in  association  with  the  analytical  data  provide  ample  proof  of  the  structure  of 
the  complex.  When  heated,  the  complex  breaks  down  with  formation  of  HCl,  PCI3,  and  halogenated  hydrocarbons 
which  were  not  closely  examined.  The  temperature  of  breakdown  depends  on  the  rate  of  heating  of  the  complex. 
With  slow  heating  the  release  of  HCl  starts  at  110*  and  finishes  at  130*. 

Styrylphosphorus  tetrachloride  is  a  yellow  substance  crystallizing  in  large  needles,  m.p.  65-78*  (thermom¬ 
eter  bulb  in  the  liquid),  very  easily  decomposed  by  atmospheric  moisture.  It  could  not  therefore  be  isolated  in  the 
absolutely  pure  state.  However,  the  phosphorus  content  and  the  results  of  titration  of  the  products  of  hydrolysis 
correspond  with  sufficient  closeness  to  the  composition  CgHsCH  =  CHPCI4.  Its  structure  is  confirmed  by  conver¬ 
sion  to  styrylphosphonous  dichloride  by  reaction  with  SOj  and  by  reduction  with  red  phosphorus  to  styryldichloro¬ 
phosphine. 

Analogous  complexes  of  the  type  of  ArPCl3^  '  PCls  were  obtained  by  the  action  of  PCI5  on  arylphosphonous 
dichlorides. 

Ai POCl,  4  2PCI5  —  POCI3  4-  ArPClJ  .  PCl^ 

The  reaction  goes  at  75-80*  in  benzene  solution  with  yields  of  about  70‘7o.  The  complexes  ArPCls'*’ '  PClg  (At  = 
=C6H5  and  P-CH3C6H4)  are  slightly  yellowish  compounds  that  are  easily  hydrolyzed  by  atmospheric  moisture.  On 
reduction  with  red  phosphorus  they  give  the  corresponding  aryldichlorophosphines. 

3ArPCi^  .  PCla  4-  —*  SArPClj  f  TPCl, 


Arylphosphorus  tetrachlorides  (Ar  =  CgHj  and  p-CH^^eH*)  arc  also  reduced  by  red  phosphorus  to  aryldichlo¬ 
rophosphines. 


SArPCU  4- 2Pcr  — ♦  SArPClj  4- 2PCI3 


EXPERIMENTAL 

Preparation  of  the  complex  CgHsCH  =  CHPCl3‘*’ '  PClg  .  To  a  well- stirred  solution  of  0.2  mole  of  PCI5  in 
100  ml  of  benzene  at  70-75“  (thermometer  bulb  in  liquid)  was  added  a  solution  of  0.1  mole  of  styrene  in  20  ml 
of  benzene  in  the  course  of  10  min.  Nearly  colorless  crystals  came  down  and  HCl  was  released.  Stirring  of  the 
reaction  mixture  was  continued  at  70-75*  for  2  hr.  During  this  period  0.094  mole  of  HCl  came  off  and  was  col¬ 
lected  and  determined  by  the  usual  method.  Performance  of  the  reaction  at  0*  for  6  hr  resulted  in  release  of 
0.088  mole  of  HCl.  The  complex  was  suction- filtered  from  the  hot  solution  (60-70*)  in  a  stream  of  dry  air  and 
washed  with  benzene;  yield 

The  complex  is  sparingly  soluble  in  boiling  nonpolar  solvents  and  nearly  insoluble  in  cold;  it  is  rapidly  hy¬ 
drolyzed  by  atmospheric  moisture,  and  reacts  violently  with  water,  alcohols,  ammonia,  and  amines.  At  110-130* 
it  breaks  down  with  loss  of  HCl  and  PCI3. 

Found  P  13.15,  13.21.  Equiv.  after  hydrolysis  12.59,  13.40.  CgH7P2Cl^  Calculated  P  12  80.  Equiv. 
af^er  hydrolysis  13.00. 


4007 


Preparation  of  sryrylphosphorus  tetrachloride  To  a  solution  of  0.1  mole  of  PCI5  in  100  ml  of  benzene, 
stirred  at  06-70%  was  added  a  solution  of  0.1  mole  of  styrene  in  20  ml  of  benzene  in  the  course  of  10  min.  Color¬ 
less  crystals  came  down  and  HCl  was  liberated.  The  reaction  mixture  was  stirred  for  3  hr  at  the  same  temperature. 
The  precipitate  gradually  dissolved  to  a  green,  transparent  solution,  and  a  total  of  0.097  mole  of  HCl  was  evolved. 
The  benzene  was  taken  off  in  vacuo  at  40-50"  to  leave  a  yellow  liquid  w'hich  partly  crystallized  on  standing. 

Yield  of  crude  product  00%.  After  suction- filtration,  the  crystalline  product  melted  at  65-78*. 

Styrylphosphorus  tetrachloride  differs  from  its  complex  with  PCI5  in  being  easily  soluble  in  nonpolar  solvents. 

Found  %;  P  11.71.  Equiv.  after  hydrolysis  5.74,  5.50.  C8H7PCI4.  Calculated  %;  P  11.29.  Equiv.  after  hy¬ 
drolysis  6.00. 

Preparation  of  styrylphosphonous  dichloride,  a)  From  the  complex  CeHgCH  =  CHPCl'*'  •  PCle  .  Sulfur  diox¬ 
ide  was  passed  through  a  mixture  of  0.05  mole  of  the  complex  and  80  ml  of  benzene  at  3-5*  until  the  crystals 
disappeared.  Benzene  and  low- boiling  products  were  distilled  off  in  vacuo  to  leave  the  slightly  yellowish  crystal¬ 
line  styTylphosphonous  dichloride  [7],  m.p.  68-70*.  Yield  theoretical. 

b)  From  styrylphosphorus  tetrachloride.  The  tetrachloride  (0.1  mole)  was  treated  with  502-  The  reaction 


0.02  g-atom  of  red  phosphorus  was  heated  on  an  oil  bath  at  140-155"  for  30-40  min,  the  PCI3  (80%)  being  distilled 
off  at  the  same  time.  The  excess  of  red  phosphorus  was  suction- filtered  and  the  filtrate  distilled  in  vacuo.  Yield 
of  phenyldichlorophosphine  70%  b.p.  80-83*  (8  mm),  n^®D  1.5940  [9]. 

Found  %:  P  17.17,  17.86.  CeHgPClj.  Calculated  %;  P  17.31. 

b)  From  CgHsPCls^  ‘  PCl^" •  A  mixture  of  0.02  mole  of  CgHsPCls^  '  PCl^”  and  0.03  g-atom  of  red  phospho¬ 
rus  was  heated  on  an  oil  bath  at  100*  for  30  min.  Yield  of  PCI3  82%,  yield  of  C6H5PCI2  78%  b.p.  80-83*  (8  mm), 
n“D  1.5984  [9]. 

Preparation  of  p-tolyldichlorophosphine.  a)  From  P-CH3C6H1PCI4.  Procedure  as  in  preceding  experiments. 
Bath  temperature  160-170*.  Yield  of  PCI3  71%,  yield  of  p-tolyldichlorophosphine  84%  b.p.  117-118*  (18  mm), 
n’^D  1.5860  [9]. 
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b)  From  p-CH3C6HtPCl3'*'  •  PCI5  •  The  same  procedure  was  employed  at  a  bath  temperature  of  120-130*. 
Yield  of  PCI3  807o;  yield  of  p-tolyldichlorophosphine  42%,  b.p.  108-110*  (12  mm),  n*°D  1.5851  [9J. 

Found%:  P  16.24,  15.68.  C7H7PCI2.  Calculated  %:  P  16.02. 

SUMMARY 

1.  The  complex  formed  by  the  action  of  PCls  on  styrene  has  the  structure  CsHsCH  -  CHPCI3'*’  •  PCl^  and 
not  C6HsCHClCn2PCl4  '  PCI5  as  had  been  assumed  previously.  The  intermediate  unstable  reaction  product  is 
probably  the  complex  (C6H5CHCH2PCl4)‘''  •  PCl^. 

2.  At  70*  the  complex  CgHgCH  =CHPCl3^  ‘  PCl^  reacts  with  styrene  with  formation  of  styrylphosphorus  te¬ 
trachloride  which  with  SO2  gives  styrylphosphonous  dichloride. 

3.  Reduction  with  red  phosphorus  of  complexes  of  the  type  of  ArPCl3^  '  PC1«  and  of  compounds  of  the  type 
of  ArPCl4  gives  ArPC^- 

4.  Treatment  of  arylphosphonous  dichlorides  with  PCI5  gives  the  complexes  ArPCls^  ’  PCl^. 

LITERATURE  CITED 

1.  E.  March  and  J.  Gardner,'!.  Chem.  Soc.  37  (1894). 

2.  K.  Harnist,  Dissertation:  "Addition  of  PCI5  to  Ethylenic  Compounds"  (Strassburg,  1910). 

3.  F.  Bulle,  Dissertation:  "Addition  of  PCI5  to  Indene"  (Berlin,  1912). 

4.  E.  Bergman  and  A.  Bondi,  Ber.  63.  1158  (1930);  W,  1455  (1931);  278.  286  (1933). 

5.  J.  Bachman  and  K.  Hutton,  J.  Am.  Chem.  Soc.  1613  (1944). 

6.  G.  Kosolapof  and  F.  Huber,  J.  Am.  Chem.  Soc.  2540  (1946);  G.  Kosolapof  and  J.  JcCullough,  J.  Am. 
Chem.  Soc.  73,  855  (1951);  U.  S.  Patent  2.471,472;  Ch.  A.  £1,  7499  (1949);  U.  S.  Patent  2495,799;  Ch.  A. 
44,  3517  (1950);  K.  N.  Anisimov  and  A.  N.  Nesmeyanov,  Izvestiya  Akad.  Nauk  SSSR,  Otdel.  Khim.  Nauk 
1954  ,  610;  K.  N.  Anisimov,  N.  E.  Kolobova,  and  A.  N.  Nesmeyanov,  Izvestiya  Akad.  Nauk  SSSR,  Otdel. 
Khim.  Nauk.  1954,  796,  799;  K.  N.  Anisimov  and  N.  E.  Kolobova.  Izvestiya  Akad.  Nauk  SSSR.  Otdel.  Khim. 
Nauk  1956,  923,  927;  B.  A.  Vovsi,  Yu.  A.  Sharonin,  A.  A.  Petrov,  et  al.,  Nauchye  Doklady  Vysshei  Shkoly, 
1958,  335. 

7.  K.  N.  Anisimov,  Izvestiya  Akad.  Nauk  SSSR,  Otdel  Khim.  Nauk  1954,  803. 

8.  E.  Walsh,  T.  Beck,  and  W.  Woodstock,  J.  Am.  Chem.  Soc.  929  (1955). 

9.  B.  Buchner  and  L.  Lockhart,  J.  Am.  Chem.  Soc.  73,  755  (1951). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  he  available  ir\  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


4009 


HYDROLYSIS  AND  ACIDOLYSIS  OF  MONOMERIC 
AND  DIMERIC  TRIC  HLOROPHOSPHA  ZO  ARY  LS 

I.  N.  Zhmurova  and  A.  V.  Kirsanov 

Institute  of  Organic  Chemistry,  Academy  of  Sciences  of  the  Ukrainian  SSR 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  12,  pp.  4048-4053, 
December,  1960 

Original  article  submitted  January  28,  1960 


In  the  preceding  paper  it  was  shown  that  reaction  of  PCI5  with  weakly  basic  aromatic  amines  gave  trichlo- 
rophosphazoaryls,  ArN  =  PCI3,  with  properties  similar  to  those  of  trichlorophosphazoacyls.  On  the  other  hand  re¬ 
action  of  PCI5  with  more  strongly  basic  aromatic  amines  was  found  to  give  dimeric  trichlorophosphazoaryls, 

(ArN  =  PClslj,  with  chemical  and  physical  properties  diverging  considerably  from  those  of  trichlorophosphazoacyls. 

Monomeric  trichlorophosphazoaryls,  like  trichlorophosphazoacyls,  are  hydrolyzed  with  amazing  facility  by 
water  and  atmospheric  moisture,  and  are  also  acidolyzed  by  formic  and  acetic  acids  to  give  arylamidophosphoric 
dichloridcs  (I)- (IV  )  (Table  1).  For  preparative  purposes  the  acidolysis  is  most  conveniently  performed  with  formic 
acid  in  benzene  solution. 

ArN=PCl3-fllCOOII  — 

ArNIIPOCl2  4- IICI +CO.  (A) 

In  contrast  to  the  reaction  with  monomeric  trichlorophosphazoaryls,  hydrolysis  or  acidolysis  of  the  dimeric 
compounds  does  not  lead  to  arylamidophosphoric  dichlorides  (see  below).  Treatment  with  formic  acid  of  solutions 
or  suspensions  of  dimeric  trichlorophosphazoaryls  in  benzene  leads  to  a  violent  reaction  which  is  strongly  exother¬ 
mic  and  is  accompanied  by  release  of  gases.  The  product  is  a  viscous,  ropy  or  vitreous  mass  from  which  pure 
substances  could  not  be  isolated. 

As  was  shown  in  the  preceding  communication  [1],  some  of  the  dimeric  trichlorophosphazoaryls  are  com¬ 
pletely  degraded  to  monomers  by  boiling  of  their  benzene  solutions.  Cooling  and  prolonged  standing  of  the  result¬ 
ing  solutions  does  not  lead  to  dimerization.  Treatment  of  the  solutions  of  monomers  with  formic  acid  leads  tore- 
action  by  Eq.  (A)  with  formation  of  the  dichlorides  (V)-(XII)  (Table  1). 

Arylamidophosphoric  dichlorides  are  colorless,  crystalline  substances-  The  nitro  compounds  (III),  (IV),  (X)- 
(XII)  are  yellow.  Compounds  (V)-(VI)  are  easily  soluble  in  benzene,  ether,  and  CCI4;  (I)- (IV)  are  sparingly  solu¬ 
ble  in  the  same  solvents  in  the  cold  and  more  soluble  when  heated.  Compound  (XII)  is  sparingly  soluble  in  organ¬ 
ic  solvents  even  with  heating.  Water  and  moist  air  rapidly  hydrolyze  arylamidophosphoric  dichlorides.  Com¬ 
pounds  (X)  and  (XI)  are  thereby  hydrolyzed  with  particular  facility;  this  behavior  is  an  obstacle  to  their  isolation 
in  the  pure  state.  The  dichlorides  slowly  decompose  when  heated  for  a  prolonged  period  in  a  solvent  or  on  a 
water  bath  without  a  solvent. 

Dichlorides  (I),  (II),  (VII),  (IX),  (XI),  and  (XII)  were  previously  obtained  by  Michaelis  [2],  but  his  melting 
points  of  the  first  five  members  differ  considerably  from  the  true  one  (Table  1).  Only  for  (XII)  did  Michaelis 
give  the  correct  melting  point-  The  identity  between  the  dichlorides  prepared  by  Michaelis  and  the  substances 
formed  by  partial  hydrolysis  of  trichlorophosphazoaryls  was  proven  by  synthesis  of  2,4-dichlorophenylamidophos- 
phoric  dichloride  from  2,4-dichloroaniline  and  POCI3.  The  resulting  dichloride  was  identical  with  substance 
(VII)  and  did  not  give  a  depressed  melting  point  in  admixture  with  the  latter. 
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:ording  to  Michaelis  [2]  b.p.  156“. 


Arylamidophosphoric  dichlorides  are  converted  by  PCI5  in  good  yields  into  the  original  monomeric  or  di¬ 
meric  trichlorophosphazoaryls  (cf.  [1]): 

ArN’llPOCl2  +  PCI5  POCI3  +  HC!  ArN=PCl3. 

2ArMIP()r,l,,  -t  2PCI5  — *  2l'OCl3  -|-  211Ci  +  (ArN=PCl3)2 

Of  great  interest  for  the  elucidation  of  the  structure  of  dimeric  trichlorophosphazoaryls  is  their  partial  hy¬ 
drolysis  without  de polymerization  Dimeric  trichlorophosphazoaryls  were  treated  under  the  most  diverse  condi¬ 
tions  with  water,  concentrated  hydrochloric  acid,  moist  air,  partially  hydrolyzed  PC)Cl3,  formic  acid,  and  acetic 
acid.  In  no  instance  were  products  of  partial  hydrolysis  of  dimeric  trichlorophosphazoaryls  isolated  in  the  pure 
state.  Products  of  partial  hydrolysis  which  had  not  suffered  scission  of  the  molecule  were  isolated  only  after  hy¬ 
drolysis  of  four  of  the  more  difficultly  de  polymerizable  trichlorophosphazoaryls  under  special  conditions”  treat¬ 
ment  with  wet  SO2  of  a  suspension  of  the  substance  in  POCI3.  Judging  by  elemental  composition,  molecular 
weight,  and  chemical  properties,  these  substances  are  N,N’-diaryl-N-dichlorophosphonyldiamidophosphoric  di- 
chlorides  (Table  2). 


Ar 
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*  SOj  *  H,0  — »■  ClPO 


POCLj 


Ar 


All  of  the  remaining  dimers  of  trichlorophosphazoaryls  are  converted  by  moist  sulfur  dioxide  into  viscous 
resins  with  a  dirty- yellow  color  from  which  individual  substances  could  not  be  isolated- 


N,N'-Diaryl-N-dichlorophosphonyldiamidophosphoric  dichlorides  are  colorless,  crystalline  compounds,  in¬ 
soluble  in  benzene,  ether,  CCI4,  and  ligroine,  easily  soluble  in  dioxane  and  PC)Cl3.  They  are  fairly  stable  in  the 
crystalline  state,  but  decompose  very  quickly  when  heated  in  organic  solvents  or  PC)Cl3.  The  structure  of  these 
dichlorides  was  confirmed  by  their  conversion,  when  treated  w-ith  2  moles  of  PC)Cl3,  into  the  original  dimeric 
trichlorophosphazoaryls; 


Ar 
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NH 


ClPO  POCl,  +  2PClr 
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Ar 


Ar 

N* 


HCL  +  ZPOClj  -  CL3P 


EXPERIMENTAL 


\ 


Arylamidophosphoric  dichlorides  (I)- (IV)  from  monomeric  trichlorophosphazoaryls.  To  a  solution  of 
0.1  mole  of  trichlorophosphazoaryl  in  100  ml  of  anhydrous  benzene  was  added  0.1  mole  of  anhydrous  formic 
acid  dropwise  with  shaking.  The  precipitated  arylamidophosphoric  dichloride  was  suction- filtered,  washed  with 
benzene,  and  dried  in  vacuo.  Compounds  (n)-(IV)  were  recrystallized  from  benzene,  and  (I)  was  recrystallized 
from  CCI4- 


Arylamidophosphoric  dichlorides  (V)-(XII)  from  dimeric  trichlorophosphazoaryls.  A  solution  of  trichloro¬ 
phosphazoaryl  was  prepared  by  refluxing  0.01  mole  in  anliydrous  benzene.  The  amount  of  benzene  was  50  ml 
for  compounds  (V)-(Vn),  (X),  (XII),  80  ml  for  compound  (VIII),  and  200  ml  for  compound  (XI).  Some  of  the 
dimeric  trichlorophosphazoaryls  dissolved  very  slowly  in  boiling  benzene  (15-20  min).  The  benzene  solution 
was  cooled  to  room  temperature  and  0.01  mole  of  anhydrous  formic  acid  was  added  dropwise  with  shaking. 

After  completion  of  the  reaction,  the  solution  was  at  once  evaporated  in  vacuo  at  room  temperature.  Prolonged 
standing  of  the  solutions  is  not  recommended.  The  arylamidophosphoric  dichlorides  gradually  come  dovm  in  the 
form  of  colorless  crystals.  Compounds  (X)  and  (XI)  at  first  separate  as  light- yellow  oils,  but  these  crystallize 
later.  Compound  (XII)  is  sparingly  soluble  in  benzene  and  gradually  comes  down  in  the  course  of  formation. 
Arylamidophosphoric  dichlorides  were  purified  by  crystallization  from  a  mixture  of  benzene  and  ligroine.  The 
easily  hydrolyzed  compounds  (X)  and  (XI)  were  not  subjected  to  crystallization. 
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TABLE  2 

N.N'-Diaryl-N-dichlorophosphonyldiamidophosphoric  Dichlorides  ArNHPO(Cl)NAr(POCl2) 
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N,N'  -Piaryl-N-dichlorophosphonyldiamidophosphoric  dichlo¬ 
rides  (XIII  )-(XVI).  A  fairly  rapid  stream  of  SO2  was  passed  into  a  sus¬ 
pension  of  0.1  mole  of  dimeric  trichlorophosphazoaryl  in  100  ml 
of  POCI3.  The  SO2  was  previously  passed  in  turn  through  a  sul¬ 
furic  acid  wash  bottle,  a  phosphorus  pentoxide  column,  and  a 
small  flask  containing  0.1  mole  of  water,  care  being  taken  that 
the  gas- leading  tube  did  not  touch  the  surface  of  the  water-  The 
crystalline  dimeric  trichlorophosphazoaryl  gradually  dissolved. 

The  reaction  mixture  attained  a  temperature  of  40-50“  due  to 
the  heat  of  reaction.  During  preparation  of  compound  (XVI)  the 
flask  was  externally  cooled  with  ice  water.  After  about  an  hour 
the  rate  of  evaporation  of  the  water  was  accelerated  by  gradual 
heating  of  the  water- containing  flask  to  70-80*  on  a  water  bath 
The  dimeric  trichlorophosphazoaryls  dissolved  completely  within 
2-3  hr  after  the  start  of  the  reaction,  and  the  liberation  of  heat 
by  the  reaction  mixture  ceased.  Passage  of  the  SO2  was  continued 
for  a  further  1-2  hr  after  all  of  the  dimer  had  dissolved.  The  PC)Cl3 
was  distilled  from  the  transparent,  slightly  yellowish  solution  in 
vacuo  at  a  temperature  not  exceeding  30-40“.  Unreacted  dimer 
was  first  filtered  off  when  compound  (XV)  was  being  prepared. 

The  residue  after  distillation  of  the  POCI3  was  a  crystalline  sub¬ 
stance  permeated  by  oil.  It  was  treated  with  cold  benzene.  The 
crystals  were  suction- filtered,  thoroughly  washed  several  times 
with  benzene  and  ether,  and  dried  in  vacuo. 

Reaction  of  arylamidophosphoric  dichlorides  with  PCI5.  The 
dichloride  (0.02  mole)  was  dissolved  or  suspended  in  CCI4  [com¬ 
pounds  (I),  (II),  (IV),  (XII)  in  15  ml,  (V)-(XI)  in  5  ml],  0.02  mole 
of  PCI5  was  added,  and  the  mixture  reflu.xed  until  HCl  ceased  to 
be  evolved  (30-40  min).  Dichloride  (XII)  reacts  very  slowly  with 
PCI5  (12  hr),  due  to  its  poor  solubility  in  CCI4.  Ln  the  case  of 
compounds  (I),  (II),  and  (IV)  the  CCI4  is  taken  off  in  vacuo  to 
leave  the  trichlorophosphazoaryls  in  the  form  of  oils  which  soon 
crystallize,  with  the  exception  of  the  liquid  trichlorophosphazo- 
2, 4, 6-trichlorobenzene.  In  the  case  of  compounds  (V)-(XI)  a 
transparent  solution  is  obtained  from  which  the  dimeric  trichloro¬ 
phosphazoaryl  gradually  crystallizes.  Yields  IQ-^JOPjo.  The  prod¬ 
ucts  were  identified  by  mixed  melting  point  tests  with  authentic 
specimens  [1].  Only  dichloride  (III)  could  not  be  converted  to 
trichlorophosphazo- 2,4- dinitrobenzene  by  this  method.  As  estab¬ 
lished  earlier  [1],  trichlorophosphazo- 2,4- dinitrobenzene  must  be 
prepared  at  a  temperature  not  exceeding  60“  (bath  temperature). 
Dichloride  (III)  does  not  react  with  PCI5  at  60“,  The  reaction 
goes  on  boiling  in  CCI4,  but  then  pure  substances  cannot  be 
isolated. 

Reaction  of  N.N'-diaryl-K-dichlorophosphonyldiamidophos- 
phoric  chlorides  with  PCI5.  To  a  suspension  of  0.05  mole  of  chlo¬ 
rides  (Xni)-(XVI)  in  10  ml  of  CCI4  was  added  0.1  mole  of  PCI5, 
and  the  mi.xture  refluxed  until  HCl  ceased  to  be  evolved.  The 
resulting  precipitate  of  dimeric  trichlorophosphazoaryl  was  suc¬ 
tion-filtered,  washed  with  CCI4,  and  dried  in  vacuo.  Yield  of 
dimer  of  trichlorophosphazophenyl  84^/^,  of  p-trichlorophosphazo- 
toluene  85r/o,  of  trichlorophosphazo- p-bromobenzane  2(?)'i,  and  of 
trichlorophosphazo- 3.5- dimethylbenzene  The  dimeric  tri¬ 
chlorophosphazoaryls  were  identical  with  those  obtained  earlier  [Ij. 
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SUMMARY 


1.  Monomeric  trichlorophosphazoaryls  are  easily  hydrolyzed  to  the  chlorides  of  the  conesponding  aryl- 
amidophosphoric  acids. 

2.  Hydrolysis  of  dimeric  trichlorophosphazoaryls  does  not  give  the  chlorides  of  arylamidophosphoric  acids. 

3.  Dimeric  trichlorophosphazoaryls  are  completely  depolymerized  when  boiled  in  benzene  solution;  treat¬ 
ment  of  the  benzene  solutions  of  the  monomers  with  formic  acid  leads  to  tlie  chlorides  of  arylamidophosphoric 
acids. 

4.  Reaction  of  some  dimeric  trichlorophosphazoaryls  with  moist  sulfur  dioxide  gives  the  chlorides  of  N,N’- 
diaryl-N-dichlorophosphonyldiamidophosphoric  acids,  which  react  with  PCI5  to  form  the  original  dimeric  trichlo¬ 
rophosphazoaryls. 
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DIPHOSPHON  ATES 
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OF  SOME  DIPHOSPHONIC  ACIDS 
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Esters  of  diphosphonic  acids  have  been  described  mainly  in  the  patent  literature  [1-4].  They  were  prep¬ 
ared  in  connection  with  the  search  for  high-boiling  lubricating  oils,  oil  additives,  hydraulic  fluids,  and  inhibi¬ 
tors  of  oxidation  processes.  The  mechanism  of  formation  of  tetraalkyl  esters  of  diphosphonic  acids  in  the 
Michaelis- Becker  reaction  has  already  been  investigated  [5]. 

Our  present  work  was  concerned  with  the  synthesis  of  tetraalkyl  esters  of  diphosphonic  acids  of  higher  al¬ 
cohols  by  the  reaction 


2(RO)2PONa  4-Cl(CH2)20(CJy2Cl 


{R0).,P(Cfl2).20(Cl!2)2P(0R)2+2NaCl. 


A  solution  of  sodium  dialkyl  phosphite  in  toluene  was  added  to  dichlorodiethyl  ether  heated  to  90*.  Sec 
ondary  reaction  products  (ester  s.alts)  were  separated  by  washing  the  reaction  mixture  with  alkali  solution  and 
water;  esters  of  alkylphosphonic  acids  were  separated  by  heating  the  product  in  high  vaclium. 


The  diphosphouates  are  high-boiling,  viscous  liquids,  crystallizing  at  14-22*,  poorly  soluble  in  water  and 
readily  soluble  in  ether,  acetone,  benzene,  and  other  organic  solvents.  Only  the  first  and  second  substances  (see 
table)  could  be  distilled  [b.p.  240-245*  (0.2  mm),  250-255*  (0.2  mm)].  The  remaining  diphosphonates  decom¬ 
posed  when  distilled  and  were  there  fne  analyzed  without  distillation. 

Thermal  breakdown  of  diphosphonates  by  heating  for  5  min  a*’  290*  was  accompanied  by  formation  of  the 
corresponding  unsaturated  hydrocarbons  and  by  increased  acidity  of  the  residue.  The  degree  of  decomposition 
of  the  diphosphonates  was  determined  from  the  quantity  of  0.1  N  alkali  solution  used  for  titration  of  a  weighed 
sample  before  and  after  heating. 


The  experimental  and  calculated  values  of  molar  refraction  ate  in  satisfactory  agreement  with  the  values 
for  bis(dialkylphosphono)diethyl  esters  only  for  a  value  of  5.01  for  the  atomic  refraction  of  phosphorus  [6]. 

Dialkyl  phosphites  of  higher  alcohols,  used  as  starting  substances,  were  prepared  by  B.  A.  Arbuzov's  meth¬ 
od  [7].  The  yield  of  dioctyl  phosphite  could  be  raised  from  45  to  S1<^p  and  that  of  dinonyl  phosphite  to  SQPjo  by 
use  of  a  solvent  and  removal  of  the  hydrogen  chloride  from  the  sphere  of  reaction  by  blowing  with  dry  air. 


EXPERIMENTAL 

Diethyl  bis(diheptylphosphonate)  (typical  experiment).  In  the  course  of  3  hr  0.3  mole  of  sodium  diethyl 
phosphite  (prepared  from  0.3  g-atom  of  sodium  and  0.3  mole  of  diheptyl  phosphite  in  200  ml  of  toluene)  was 
stirred  into  0.5  mole  of  dichlorodiethyl  ether  heated  on  a  water  bath  to  90-95*.  The  mixture  was  refluxed  and 
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stirred  for  5-9  hr.  After  cooling,  the  precipitate  was 
dissolved  by  addition  of  water-  The  organic  layer  was 
washed  with  ICT"  alkali  solution  until  alkaline  to  phe- 
nolphthalein,  and  twice  washed  with  water  (each  time 
with  50  ml).  After  drying  over  calcined  sodium  sul¬ 
fate,  the  solvent  was  distilled  in  vacuo,  and  volatile 
impurities  removed  by  heating  for  30  min  at  220* 

(0.2  mm).  The  residue  of  45.4  g  (48.37o)  of  product 
melted  at  16*. 

Test  of  the  thermal  stability  of  diphosphonates. 

A  weighed  quantity  (0.3  g)  of  diphosphonate  was  shaken 
in  a  conical  flask  with  50  ml  of  water  and  titrated  with 
0.1  N  alkali  solution  in  presence  of  phenolphthalein. 

A  second  weighed  sample  of  the  same  substance  was 
placed  in  a  test  tube  with  a  side  tube  connected  to  a 
trap  at  -70*,  heated  for  5  min  at  290*,  and  titrated 
with  0.1  N  alkali  solution  in  presence  of  phenolphthal¬ 
ein.  The  acidity  was  expressed  as  milligrams  of  dry 
potassium  hydroxide  consumed  in  titration  (see  table). 

Dinonyl  phosphite.  To  a  stirred  solution  of 
432.7  g  of  nonyl  alcohol  in  200  ml  of  dry  carbon  tetra¬ 
chloride,  through  which  dry  air  was  blown,  was  added 
137  g  of  phosphorus  trichloride  in  the  course  of  20  min 
at  70*.  The  reaction  mixture  was  stirred  at  the  same 
temperature,  with  air  blowing,  for  another  hour.  The 
content  of  the  flask  was  then  transferred  to  a  Claisen 
flask  and  kept  at  room  temperature  in  the  vacuum  of  a 
water  jet  pump,  with  continued  blowing  with  air,  until 
the  gage  registered  a  constant  pressure  (15-20  mm). 
Fractionation  in  vacuo  yielded  278  g  (83.2^0)  of  substance. 

B.p.  200-202*  (2  mm),  d^4  0.8982,  n2®D  1.4420. 
MRp  98.54;  calc.  98.28.  Literature  data:  b.p,  174.5- 
175.5*  (0.04  mm).  0.9212,  n*®D  1.4458  [8]. 

Found  “Vo:  P  9.13,  9.15.  C18H39O3P.  Calcu¬ 
lated  <7^:  P  9.27. 

SUMMARY 

1.  Five  new  members  of  the  class  of  diethyl 
esters  of  bis(dialkylphosphonic )  acid  and  the  tetraiso- 
amyl  ester  of  tetramethylenediphosphonic  acid  were 
described. 

2.  The  method  of  preparation  of  dialkyl  phos¬ 
phites  of  higher  alcohols  was  improved. 
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The  spectral  characteristics  of  the  P  =  S  group  of  esters  of  thiophosphonic  acid  are  of  interest  for  establish¬ 
ment  of  the  structure  of  the  molecules  and  for  analytical  purposes. 

Gore  [1]  analyzed  over  30  infrared  spectra  of  various  thiophosphoric  and  phosphoric  compounds  and  found 
that  thiophosphoric  derivatives  have  a  strong  band  in  the  450-600 cm’^  region;  Melver  et  al.  [2],  examined  the 
infrared  spectra  of  50  organic  compounds  of  phosphorus,  but  found  the  P  =  S  bond  to  be  associated  with  vibrations 
in  the  770-835  cm"^  region.  Bellamy  [3]  summarizes  his  own  investigations  and  other  literature  data  in  his  mono¬ 
graph  [4]  in  which  he  correlates  the  P  =  S  group  with  absorption  in  the  600-750  cm  ^  region.  Other  authors  arrived 
at  similar  conclusions  [5].  Several  papers  have  been  published  on  the  Raman  spectra  (RS)  of  thiophosphoric  com¬ 
pounds  [6]  and  the  600-650  cm‘^  frequency  has  been  associated  with  the  P  =  S  bond.  On  the  basis  of  their  own 
abundant  data  (IR  and  RS)  E.  M.  Popov  et  al.  [7]  concluded  that  the  frequencies  of  the  P  =  S  group  are  in  the  580- 
750  cm‘^  region,  but  are  exposed  to  the  influences  of  attached  groupings,  so  that  they  remain  constant  only  when 
the  groupings  in  the  immediate  vicinity  are  unchanged. 

We  investigated  the  RS  of  some  mainly  acidic  esters  of  dithio-  and  thiophosphoric  acids  with  the  objective 
of  establishing  the  characteristic  frequencies  of  the  P  =  S  group. 

The  spectra  were  taken  with  an  ISP- 51  spectrograph;  F  of  camera  =  270  mm;  excitation  by  the  4538  A  line 
of  Hg;  width  of  slit  5  cm'^;  exposure  period  2  hr. 

Esters  of  dithio-  and  thiophosphoric  acids  were  prepared  by  the  method  of  Kabachnik  and  Mastryukova  [8]. 
Esters  of  dithiophosphoric  acid  were  purified  by  Lesuer’s  method  [9]  and  spectrographed  in  the  freshly  distilled 
condition.  Esters  of  thiophosphoric  acid  were  distilled  three  times  and  used  on  the  same  day. 


Raman  Spectra 

I.  (Cnr,0).2P(S)Sn.  2.'S2(2).  294(1),  344(1),  371(1),  295(1),  433(1),  499(.5),  .529(3),  599(2), 

621(1),  6r)9(.5),  694'3i,  77S(2),  812(2),  857(1),  1018(2),  104'i(2),  1)67(2),  1180(1), 
1436(2),  1457(2),  2434(2),  24S9{2),  2541  (2).  2785(2),  2844(4),  2891  (1),  2941  (5),  3009(4). 

II.  (C..n.-iO).2P(S)SH:  198(3).  328(1),  355(3),  397(1).  451(1),  510(.5).  543(3),  .598(1),  6.56(1), 

773(3).  848(2),  95>(l).  1016(2),  1047(1).  1101(4),  1289(3),  1392(2),  1450(4).  1475(3), 
2439(2),  2492(2),  2543(2).  2727(2),  2785(3),  2872(3),  2898  (3),  2932(5),  2980(3). 

III.  (CyllsOj.iPS:  205(2).  328(1).  503(2),  612(4),  665(3),  702(2),  1023(3),  1100(4),  1288(3), 
1453(4),  2.864(1),  2893(2),  2831  (4),  2976 (4). 


IV.  (n-f;.iM70).P(S)SU:  148(2),  193(2).  292(1),  3.55(4).  438(2),  459(1),  485(2),  520(3) 
547(3),  662(.5).  743(.3),  797(2).  882(3),  909(1).  108(3),  1060<2),  1101(1),  1129(2)' 

11.52(1),  12.55(1),  1280(3),  1302(2),  1348(1).  1393(1),  1437(3),  1457(4),  2438(3)’ 
2493(3),  2549(3),  2740(2),  2879(4),  2935(4),  2974(4),  3046(2). 


V.  (n -G,H70VjP(S)0H:  140(2).  279(2).  397(2).  437(1),  461  (1),  624(5),  742(2),  8.81  (2), 
1017(1).  1261(1).  1282(2),  1308(1).  13.')4(1).  1403(2).  1441(5),  1459(5),  2457(1), 
2495(1),  2747(2),  2376(3),  2924(3),  2959(3),  3043  (3),  3125(3). 
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VI.  (iso-CTlI:0).P(S)0H:  440(1),  fit9(.')).  722(1).  7()0(l).  89-4(2),  930(1),  1003(2),  1147(2), 

1191  (2),  1207(2).  1353(2),  1455(5),  1878(3),  2488(1),  2925(3),  2942(3),  2985(3), 

3U45(5).  3120(2). 

VII.  (iso-C4H70).,P(S)Sn:  151(2),  514(3),  .5.33(1),  636(3),  603(1),  706(1),  743(1',  796(1), 

87Hv2i.  897(2).  1U54(.3).  1103(3).  1302(3).  1347(1),  1453(3),  2494(3),  2871(4),  2916(5), 

2938(4),  2905(4),  3045(3),  3128  (.3). 

The  Raman  spectra  of  esters  of  dithio-  and  thiophosphoric  acids  are  set  forth  in  the  table.  The  numbers  in 
parens  represent  the  intensities  of  the  lines  on  a  five-point  scale  (visual  evaluation). 

AU  of  the  compounds  have  a  fairly  strong  line  in  the  598-662  cm*^  region,  which  corresponds  to  the  fre¬ 
quencies  of  the  P=  S  bond  according  to  the  literature.  The  slight  shift  of  the  characteristic  frequency  into  the 
long-wave  region  is  considerably  smaller  than  has  been  reported  in  the  literature.  It  is  caused  by  groups  of  sim¬ 
ilar  structure  and  composition  linked  to  the  phosphorus  atom  [7].  Noteworthy  features  are  the  frequencies  in  the 
2489-2495  and  2541-2549  cm’^  regions  exhibited  by  compounds  containing  the  P(S)SH  and  P(SPH  groups.  These 
frequencies  are  absent  from  the  spectrum  of  (RG)2P  =  S.  They  were  not  reported  by  other  investigators  [4,  6,  7] 
for  compounds  not  containing  the  P(S)SH  and  P(SpH  groups.  Organic  compounds  of  phosphorus  with  a  P  =  S  bond 
do  not  exhibit  frequencies  close  to  the  above-mentioned  spectra  regions  in  the  absence  of  PSH  groups.  TheS-H 
bond  frequency  of  mercaptans  lies  in  the  2489-2495  cm"^  region.  The  frequency  that  we  observed  must  be  as¬ 
signed  to  the  characteristic  frequency  of  the  S-H  bond  shifted  into  the  long-wave  region  owing  to  linking  of  the 
S-H  group  with  phosphorus.  The  lov/er  intensity  of  the  lines  of  compounds  with  P(SpH  compared  with  P(S)SH 
compounds  can  be  accounted  for  by  the  lower  concentration  of  molecules  containing  the  S-H  bond. 

SUMMARY 

1.  The  Raman  spectra  of  the  investigated  0.0- dialky Idithiophosphoric  and  dialkylthiophosphoric  acids  con¬ 
tain  the  P  =  S  bond  frequency  (in  the  598-662  cm"^  region),  but  it  is  slightly  shifted  toward  the  long-wave  region 
due  to  the  constitutional  similarity  of  the  groups  attached  to  the  phosphorus  atom. 

2.  0,0”Dialkyldithiophosphoric  acids  have  a  characteristic  frequency  in  the  2489-2495  cm"^  region  belong¬ 
ing  to  the  S-H  bond  and  located  nearer  to  the  short-wave  region  than  the  S-H  bond  of  mercaptans. 

3.  The  characteristic  frequency  of  the  S-H  bond  with  weakened  intensity  is  found  in  esters  of  thiophospho¬ 
ric  acid  due  to  thiono- thiol  tautomerism  of  the  latter. 
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In  this  paper  we  report  work  on  the  synthesis  of  acids  and  amines  of  the  type  of  R3S  i(CH2;^.C$H4COOHand 

R3Si(CH2)X6H4NH2. 

\ 

According  to  the  literature,  mono-  and  dicarboxylic  acids  of  the  type  of  ~SiC6H4COOH  and 
^Si(C6H4COOH)2are  obtained  by  treatment  with  carbon  dioxide  of  the  corresponding  Grignard  reagents  [1-8]  or 
organolithium  compounds  [1],  by  oxidation  of  tolylsilanes  [3,  7,  9,  10]  or  ethylphenylsilanes  [11],  and  by  hydrol¬ 
ysis  of  the  corresponding  nitriles  with  aqueous  alkali  [9].  Chlorobenzyltrimethylsilanes  were  converted  to  o-,  m-, 
and  p-trimethylsilylmethylbenzoic  acids  via  the  organolithium  compounds  [12]. 

We  employed  the  organomagnesium  method  for  preparation  of  p-trialkylsilylalkylbenzoic  acids  (Table  1). 
p-n3Si(CH.^)„CoH4nr^  p-n3Si(CH2)„CcH4MgBr^’p-R3Si(Cll2)„CoH4COOH 

The  low  yields  of  acids  are  evidently  due  to  the  poor  reactivity  of  the  respective  organomagnesium  com¬ 
pounds,  which  had  been  observed  in  other  cases. 

According  to  the  literature,  aromatic  amines  substituted  in  the  ring  with  silicoalkyl  groups  can  be  synthe¬ 
sized  by  reduction  of  nitro  compounds  by  hydrogen  (tin  and  hydrochloric  acid)  [3]  or  by  hydrogenation  in  pres¬ 
ence  of  nickel  [5,  14,  15],  as  well  as  by  treatment  of  the  corresponding  benzamides  with  sodium  hypochlorite 
solution  [5].  The  nitro  derivatives  (mixture  of  ortho-,  meta-,  and  para-isomers)  of  aromatic  silicohydrocarbons 
can  be  prepared  by  nitration  of  the  silicohydrocarbons  with  nitric  acid  [13,  14,  16,  17]  or  copper  nitrate  [18]. 

p-Trimethylsilylnitrobenzene  was  synthesized  by  the  action  of  cone.  HNO3  on  p-bis(trimethylsilyl)benzeno 
[9].  This  route  is  extremely  attractive  since  one  isomer  is  formed.  Unfortunately  we  were  unable  to  extenditto 
other  para-silicon-substituted  trimethylsilylbenzenes.  It  was  found  that  when  silicohydrocarbons  p-R3Si(CH2>jj- 
C6H4Si(CH3)3  are  treated  with  nitric  acid  the  latter  are  nearly  quantitatively  oxidized,  and  nitro  derivatives 
p-R3Si(CH2)j^C6H4NO  are  formed  in  a  yield  of  2-yjo. 

Trimethylsilylalkylanilines  (Table  2)  v/ere  synthesized  by  reduction  of  the  corresponding  nitro  compounds 
with  hydrogen  over  Raney  nickel  under  pressure  (yield  ~  90‘7o)  or  at  atmospheric  pressure  with  hydrazine  hydrate 
also  in  presence  of  Raney  nickel  (yields  ~  90*70 ). 

EXPERIMENTAL 

1.  p- Trialky Isilylalkylbenzoic  acids.  As  an  example  we  give  details  of  the  synthesis  of  p-triethylsilyl- 
methylbenzoic  acid.  A  Grignard  reagent  prepared  from  30  g  (0.108  mole)  of  p-triethykilylmethylbromobenzene 
was  poured  onto  finely  pulverized  solid  CO2  (15  g).  After  the  appropriate  treatment  the  ethereal  layer  was  col¬ 
lected  and  left  overnight  in  a  refrigerator  at  2-4*.  The  precipitated  crystals  were  filtered  and  twice  reprecipi¬ 
tated  from  ligroine.  Evaporation  of  the  ethereal  layer  gave  a  further  small  quantity  of  crystab.  Yield  3.9  g 
(14.8'7o). 
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Literature  data  [15]:  b.p.  119*(10  mm);  m-p  33.5-34* 


2.  Trialkylsilylalkylanilines.  a)  Into  a  rotating  steel  autoclave  (one-liter  capacity)  were  charged  20  g  of 
nitro  compound,  50  ml  of  anhydrous  ethanol,  and  1-2  g  of  Raney  nickel.  Initial  hydrogen  pressure  70  atm.  Work¬ 
ing  temperature  50*.  The  calculated  quantity  of  hydrogen  was  absorbed  in  the  course  of  3-4  hr.  After  the  catal¬ 
yst  had  been  separated,  the  trialkylsilylalkyl  aniline  was  isolated  by  fractional  distillation.  Yield  85-90<7o. 

b)  In  a  round- necked  flask  fitted  with  reflux  condenser  were  placed  20  g  of  nitro  compound,  200  ml  of 
ethanol,  a  tlireefold  excess  of  aqueous  hydrazine  hydrate,  and  1.5  g  of  Raney  nickel.  The  mixture  was  heatedat 
the  boil  on  a  water  bath  until  complete  decolorization  of  the  solution  (2-2.5  hr).  After  addition  of  another  1-2  g 
of  Raney  nickel,  the  mixture  was  heated  for  anotlier  2-3  hr  for  decomposition  of  the  excess  of  hydrazine  hydrate. 
The  catalyst  was  separated,  the  mixture  was  heated  with  active  carbon,  the  filtrate  diluted  with  water  (500  ml), 
and  the  organic  layer  extracted  with  ether.  The  trialkylsilylalkylanilines  were  isolated  by  fractional  distillation. 
Yield  S0-90<^o. 


SUMMARY 

A  series  of  trialkylsilylalkylbenzoic  acids  and  trialkylsilylalkylanilines  was  synthesized. 
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A  large  number  of  the  most  diverse  N-chloroamides  prepared  on  the  basis  of  amides  of  sulfonic  ot  carbox¬ 
ylic  acids,  as  well  as  chloroamines,  have  been  recently  described.  N-Chlorophosphamides  were  unknown  be¬ 
fore  1956.  The  literature  contains  a  reference  only  to  N-chloro-(fl -chloroethyl)-amidodialkylphosphates,  ob¬ 
tained  by  reaction  of  chlorine  with  dialkylethyleneamidophosphates  [1]. 

The  present  work  was  undertaken  with  the  objective  of  synthesizing  various  N-chlorophosphamides  and  of 
developing  general  methods  for  their  preparation.  The  starting  phosphamides  were  prepared  by  reaction  of  the 
amine  with  the  appropriate  acid  chloride  in  ether  or  chloroform  [2-4].  The  properties  of  the  starting  phospham¬ 
ides  not  described  in  the  literature  are  set  forth  in  Table  1. 

Replacement  of  hydrogen  atoms  in  the  alkylamido  group  of  the  phosphamide  by  chlorine  was  effected  by 
treatment  of  a  chloroform  solution  of  the  phosphamide  with  excess  of  alkaline  sodium  hypochlorite  solution. 

Dichloroamides  were  prepared  by  chlorination  of  the  phosphamide  with  chlorine  gas  in  presence  of  sodium 
acetate  or  zinc  oxide  in  carbon  tetrachloride. 

N-chlorophosphamides  were  separated  by  extraction  of  the  reaction  mass  with  chloroform  or  carbon  tetra¬ 
chloride,  drying  of  the  extract,  and  thorough  removal  of  solvent  at  room  temperature  in  vacuo  without  subse¬ 
quent  distillation. 

Diphenyl  amidophosphate,  insoluble  in  water  and  carbon  tetrachloride,  was  subjected  to  chlorination  with 
chlorine  gas  in  a  mixture  of  carbon  tetrachloride  and  water  (1:  2)  in  presence  of  excess  of  sodium  acetate. 

All  of  the  prepared  N-chlorophosphamides  are  yellowish  liquids  with  a  pungent  odor,  soluble  in  organic 
solvents.  Some  members  are  also  soluble  in  water.  A  chloroform  solution  of  an  N-chlorophosphamide  acts  on 
an  acetic  acid  solution  of  potassium  iodide  with  quantitative  liberation  of  iodine  which  titrates  with  thiosulfate. 
The  content  of  active  chlorine  was  determined  by  this  procedure. 

The  least  stable  of  the  preparations  were  derivatives  of  methylphosphonic  acid  which  decompose  in  the 
course  of  a  few  days  with  reduction  in  the  content  of  active  chlorine  to  l-27o.  The  most  stable  member  is  di¬ 
phenyl  N-dichlorodimethylamidophosphate  whose  active  chlorine  content  fell  by  yjo  after  storage  for  30  days. 

A  mixture  of  the  original  diphenyl  N-methylamidophosphate  (m.p.  95*)  [3]  and  the  amide  obtained  by  de 
composition  of  diphenyl  N-chloromethylamidophosphate  by  heating  with  alcohol  in  presence  of  hydrochloric 
acid  did  not  exhibit  a  depression  of  melting  point  (95*). 

The  properties  of  the  prepared  N-chlorophosphamides  are  set  forth  in  Table  2. 
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EXPERIMENTAL  • 

N-Chlorophosphamides  were  prepared  by  one  of  the  following  methods. 

1.  a)  In  the  course  of  2  hr  a  ninefold  excess  of  sodium  hypochlorite  was  added  with  cooling  and  vigorous 
shaking  to  a  solution  of  6  g  of  diphenyl  methylamidophosphate  in  15  ml  of  carbon  tetrachloride  in  a  conical 
flask  fitted  with  a  ground-glass  stopper.  The  organic  layer  was  separated  and  dried  over  calcined  sodium  sulfate. 
The  solvent  was  completely  removed  in  the  vacuum  of  a  water  jet  pump  at  room  temperature  until  the  gauge 
recorded  a  constant  pressure  of  10-15  mm.  The  undistilled  product  was  then  analyzed  and  subjected  to  further 
tests-  Yield  4.3  g  {Q3.S^c)  of  phenyl  N-chloromethylamidophosphate.  A  yellowish  liquid  with  a  sharp  odor  solu¬ 
ble  in  organic  solvents  and  insoluble  in  water;  d^®4  1.2894,  n^°D  1-5557. 

Found <70;  Clactive  23-40  ,  23.58;  Cl  11-99,  12.04;  P  10.24,  laio.  C13H13O3NPCI.  Calculated ‘fo:  Clactive 
23  9;  Cl  11.95;  P  10.40. 

The  hypochlorite  solution  was  prepared  by  dissolving  32  g  of  dry  sodium  hydroxide  in  130  ml  of  water  and 
passing  gaseous  chlorine  tluough  the  alkali  solution,  cooled  with  ice  and  salt,  until  the  weight  had  increased  by 
27  g,  •  o  that  after  addition  of  potassium  iodide  and  acetic  acid  0.2  ml  of  the  hypochlorite  solution  titrated  with 
10.2  ml  of  0-1  N  thiosulfate  solution. 

b)  In  the  course  of  2  hr  a  solution  of  3  g  of  phenyl  dimethyldiamidophosphate  in  20  ml  of  chloroform  was 
added  slowly  with  stirring  and  cooling  (to  2-3*)  to  73  ml  of  freshly  prepared  sodium  hypochlorite  solution  (0.18  g 
of  active  chlorine  per  milliliter).  An  additional  36  ml  of  sodium  hypochlorite  was  then  added  and  the  mixture 
stirred  for  30  min.  The  chloroform  layer  was  separated,  and  the  aqueous  layer  twice  extracted  with  chloroform 
(5  ml  each  time).  The  chloroform  solution  was  dried  and  the  solvent  taken  off  in  vacuo  to  leave  3.7  g  (92.5*^) 
of  phenyl  N,N-dichlorodimethyldiamidophosphate;  d*®4  1.3688,  n^D  1.5380.  A  yellowish  liquid,  easily  soluble 
in  organic  solvents  and  insoluble  in  water. 

Found  <70;  Clactive  52.40,  52.28;  P  10.68,  10.56.  CgHnOjNjPCl^.  Calculated ‘7o: dative  52.8;P  10.40, 


•V  I-  Viryukin  (1956),  V.  M.  Grigor'ev  (1957),  and  O.  A.  Pan'shin  (1957)  participated  in  the  experimental  work. 
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Prep.  No. 


Formula 


Cl 

(CillsOl.P-N-CHa 

<! 

Cl 

I 

(CjHsOlaP-N-CoHs 

II 

O 

Cl 

(CaHsOljP-N-CH;,* 

A 

Cl 

I 

(CftHfiOljP-N-CJIs** 

A 

Cl 

(CeUjOlaP-N^ 

II  \ 

O  Cl 
Cl 

CnHsO-P-IN-CHn), 

(5 

Cl 

neH50-P(N-C, 115)2  ••••« 

o 

.OC0H5 
I^N-CHa 


CHa-p/ 


CH,-p/ 


]1 

OCaHs 


^^N-CaH. 


Cl 


d.” 

Active  chlo¬ 
rine  content 

m 

Solubility 

Yield 

found 

calc. 

1 

<0  > 
1.558 

in  water 

C7o) 

I.224r 

1.43.S0 

35.2 

35.4 

-f- 

-1- 

60- 

1.21.56 

1.4390 

32.8 

33.0 

-f 

+ 

80 

1.2!)91 

1.5557 

23.6 

23.9 

-U 

— 

65 

1.2S12 

1..5470 

22.6 

22.8 

— 

70 

1..54.5H 

1.5603 

44.3 

44.6 

-f- 

— 

8.5. 

1  ..36.is 

1.5.380 

.52.3 

.52.8 

— 

92 

1.2'.>0.S 

1.. 52.30 

47.3 

47.8 

+  • 

— 

91 

1.2930 

1.5270 

32.2 

32.3 

4. 

-f 

52 

1.2.503 

l.523(» 

30.2 

30.4 

+ 

-f- 

50 

•Found ‘7'^:  P  10.24,  10.10;  Cl  12.04,  11.99.  Calculated  °Jt.  P  10.40,  Cl  11.95. 

•  •Found  P  10.30,  10.24;  Cl  12.31,  12.24.  Calculated  *70:  P  9.85;  Cl  11.4. 

•  •  •Found  *70:  N  4.69,  4.56.  Calculated ‘7o:  N  4.40. 

••••  Found  <70;  N  10.68,  10.56.  Calculated  ^70;  N  10.40. 

•  •  •  •  •Found  °Jo'  N  9,71,  9.62.  Calculated °J< :  N  9.42. 
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c)  Into  a  mixture  of  diphenyl  amidophosphate,  20  ml  of  carbon  tetrachloride,  40  ml  of  water,  6.7  g  of 
sodium  acetate,  and  0.5  ml  of  glacial  acetic  acid  with  stirring  at  2*  was  passed  gaseous  chlorine  for  1.5  hr  until 
the  solid  had  dissolved  completely.  The  organic  layer  was  separated  and  the  aqueous  layer  extracted.  After 
drying,  the  solvent  was  distilled  in  vacuo.  Yield  2.18  g  (85<7r)  of  diphenyl  N-dichlorodiamidophosphate;  d**4 
1.5456,  n*®D  1.5603. 

Found  °}ox  Clactive  44.3,  44.6;  N  4.69,  4.56.  Ci2nio03NPCl2.  Calculated  70:  Clactive  44.65;  N  4.40. 

2.  Decomposition  of  N-chlorophosphamides  by  alcohol.  Diphenyl  N-chloromethylamidophosphate  (2  g) 
and  absolute  alcohol  (50  ml)  were  stirred  in  presence  of  a  drop  of  hydrochloric  acid.  Heat  was  liberated.  The 
mixture  was  later  refluxed  for  10  min  on  a  boiling  water  bath  until  a  test  for  chlorine  with  starch-iodide  paper 
was  negative.  Removal  of  the  alcohol  by  distillation  left  0.8  g  of  solid  which  after  recrystallization  from  a  mix¬ 
ture  of  benzene  and  ether  melted  at  95*.  A  mixture  with  the  original  diphenyl  methylamidophosphate  did  not 
give  a  depression  of  melting  point  and  likewise  melted  at  95*  [3]. 

SUMMARY 

Nine  previously  undescribed  representatives  of  a  new  class  of  N-chlorophosphamides  and  five  phospham- 
ides  were  prepared. 
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PREPARATION  OF  TETRAFLUORODIMETHYL  DISELENIDES 
AND  SOME  OF  THEIR  PROPERTIES 


N.  N.  Yarovenko  and  M.  A.  Raksha 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  12,  pp.  4064-4066, 

December,  1960 

Original  article  submitted  January  11,  1960 

We  established  that  tetrafluorodimethyl  diselenide  is  obtained,  analogously  tohexafluorodimethyl  disele- 
nide  [1],  by  decarboxylation  of  the  mercury  salt  of  difluoroacetic  acid  in  presence  of  selenium. 

(CF3C02)2Hg-^  CFaSeSeCFa 
(CHF2C02)2Hg-^  CHFvSpSeCHF2 

Comparison  of  these  reactions  with  the  known  reaction  of  salts  of  trifluoroacetic  acid  with  sulfur  [2]  shows 
that  decarboxylation  of  salts  of  fluorocarboxylic  acids  in  presence  of  elements  of  Group  6  can  proceed  in  two 
directions,  depending  on  the  location  of  the  chalcogenide  in  the  Periodic  System. 

0  (RC0),0 -fSO, 

RC^  -<  Fe 

\OMe  RSeSpR 

where  R  is  fluorallr/l 

Even  with  further  increase  in  the  atomic  number  of  the  element,  decomposition  of  the  salts  will  evidently 
proceed  by  route  (2).  It  may  be  suggested  that  reaction  of  tellorium  with  salts  of  fluorinated  carboxylic  acids 
will  lead  to  fluorinated  dialkyl  ditellurides. 

We  reacted  tetrafluorodimethyl  diselenide  with  bromine  and  obtained  difluoromethylselenium  bromide. 

CHFaSeSeCHF,  ^  2CHF2Senr 

The  latter  enters  with  facility  into  reaction  with  potassium  cyanide  to  form  difluoromethylselenium  cyanide, 
and  it  adds  on  to  ethylene  with  formation  of  difluoromethyl-6 -bromoethyl  selenide. 

irp\ 

CHFjSeCN 

CH  l'’9SeBr— V 

^ - CHF2SeCH2CH2nr 

EXPERIMENTAL 

We  prepared  difluoroacetic  acid  by  hydrolysis  of  the  product  of  interaction  of  diethylamine  with  tetrafluoro- 
ethylene  [3]. 

Tetrafluorodimethyl  diselenide.  Colloidal  selenium  (24  g),  well-dried  over  phosphorus  pentoxide,  and  di- 
fluoroacetate  (19.5  g)  were  mixed  and  placed  in  a  glass  tube  about  20  mm  in  diameter  and  200  mm  in  length, 
sealed  at  one  end.  The  reaction  mixture  was  gradually  heated  over  a  bare  flame  and  the  reaction  products  col¬ 
lected  in  a  trap  cooled  with  liquid  air.  (Inadequate  cooling  of  the  receiver  results  in  entrainment  of  a  consider¬ 
able  part  of  the  diselenide  with  the  carbon  dioxide  evolved  during  the  process.)  After  completion  of  the  reaction. 
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the  content  of  the  trap  was  slowly  heated  to  room  temperature.  The  resulting  liquid  was  washed  with  an  equal 
volume  of  ice  water,  dried  with  sodium  sulfate,  and  distilled.  Yield  of  tetrafluorodimethyl  diselenide  2.4  g 
(26.5%).  A  yellowish  liquid,  readily  soluble  in  acetone,  alcohol,  and  ether,  insoluble  in  water. 

B.p.  118*,  n^“D  1.4910,  d^“4  2.280. 

Found  %:  C  9.77;  H  1.12;  Se  60.44;  F  29.66.  C2H2Se2F4.  Calculated  %:  C  9.24;  H  0.77;  Se  60.75;  F  29.23. 

Difluoromcthylselenium  bromide.  Bromine  (3.2  g)  was  gradually  added  dropwise  to  tetrafluorodimethyl 
diselenide  (5.2  g)  cooled  with  ice  water.  The  reaction  is  slightly  exothermic.  With  increasing  accumulation  of 
difluoromethylsclenium  bromide  the  liquid  turned  pink  and  then  dark-red.  The  liquid  was  distilled  15  min  after 
the  calculated  quantity  of  bromine  had  been  added.  Yield  of  difluoromethylselenium  bromide  7.5  g  (88%).  A 
dark-red  liquid,  readily  soluble  in  ether,  hydrolyzed  by  water. 

B.p.  94*.  n^^D  1.5082,  d*®4  2.4480. 

Found  %:  Se  37.26;  F  18.58;  Br  38.36.  CHSeF2Br.  Calculated%;  Se  37.62;  F  18.10;  Br  38.07. 

Difluoromethylselenocyanide.  To  a  solution  of  4.2  g  of  difluoromethylselenium  bromide  in  16  ml  of  ether 
was  added  in  small  portions  a  solution  of  1.4  g  potassium  cyanide  in  2  ml  of  water  with  stirring.  Slight  heat  was 
liberated  during  the  reaction.  Potassium  bromide  crystals  came  down  and  the  color  of  the  solution  changed  from 
dark-red  to  light-yellow.  After  corr,pletion  of  the  reaction,  the  liquid  was  separated,  dried  with  sodium  sulfate, 
and  fractionated.  Yield  of  difluoromethylselenocyanide  2.8  g  (88%).  A  light- yellow  liquid,  readily  soluble  in 
common  organic  solvents,  insoluble  in  water. 

B.p.  128*,  n2°D  1.4525,  1.8267. 

Found  %:  N  8.73;  Se  50.49;  F  24.51.  C2HN.SeF2.  Calculated  %;  N  8.98;  Se  50.64;  F  24.36. 

Difluoromcthyl-6 'bromoethyl  selenide.  Into  a  test  tube,  fitted  with  inlet  and  outlet  tubes,  was  charged 
2.8  g  of  difluoromethylselenium  bromide.  The  inlet  tube  was  connected  to  a  gasholder  filled  with  ethylene.  Dry 
ethylene  was  blown  through  the  test  tube  until  complete  removal  of  air,  and  then  the  exit  tube  was  cooled.  The 
calculated  quantity  of  ethylene  was  taken  up  after  several  hours.  The  reaction  mass  gradually  became  paler,  and 
at  the  end  of  the  process  it  was  light-yellow.  The  resulting  liquid  was  distilled  at  reduced  pressure.  Yield  of  di- 
fluoromethyl-6  -bromoethyl  selenide  nearly  quantitative.  A  light-yellow  liquid,  readily  soluble  in  common  or¬ 
ganic  solvents,  insoluble  in  water. 

B.p.  57" (6  mm),  n2®D  1.5421,  d*®4  2.0956. 

Found  %  Se  33.26;  F  16.50;  Br  33.44.  C3HsSeF2Br.  Calculated  % :  Se  33.18;  F  15.97;  Br  33.58. 

SUMMARY 

Methods  of  preparation  of  new  fluorinated  organic  compounds  are  described;  symmetrical  tetrafluorodimeth¬ 
yl  diselenide,  difluoromethylselenium  bromide,  difluoromethylselenocyanide,  and  difluoromethyl-6 -bromoethyl- 
selenium  bromide. 
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In  preceding  work  it  was  shown  that  some  fluorinated  alkylsulfenyl  halides  can  be  utilized  as  starting  sub¬ 
stances  for  the  synthesis  of  diverse  fluorinated  organic  compounds  [1-3]. 

The  present  investigation  was  undertaken  with  the  objective  of  ascertaining  the  possibility  of  preparation 
of  fluoro  analogs  of  dichloroformoxime  by  nitrosation  and  reduction  of  fluoro  analogs  of  trichloromethylsulfenyl 
chloride. 


We  know  that  dichloroformoxime  can  be  prepared  by  reaction  of  trichloronitrosomethane  with  hydrogen 


sulfide  [4]. 


CCI3NO  ^  CCI2NOH  +  llCl  +  S 


It  was  conceivable  that  fluorodichloronitrosome thane  would  behave  like  trichloronitrosomethane  and  would 
be  reduced  by  hydrogen  sulfide  to  fluorochloroformoxime.  This  expectation  was  confirmed.  Reaction  of  fluoro¬ 
dichloronitrosome  thane  with  hydrogen  sulfide  in  ethereal  solution  leads  to  quantitative  precipitation  of  sulfur,  and 
hydrogen  chloride  is  evolved- 

CFCIiNO  ^  CFCINOH  +  IICI  4-  S 

After  a  small  quantity  of  ether  had  gone  off  from  the  reaction  mass  with  gaseous  products,  the  fluorochloro- 
fbrmoxime  distilled  with  the  main  bulk  of  ether.  The  Cl:  F:N  ratio  in  all  fractions  of  the  ethereal  solution  was  . 
1:1:1,  whereas  in  the  starting  substance  the  Cl :  F  :  N  ratio  was  2:1:1. 

The  fluorochloroformoxime  could  not  be  separated  from  the  ether  by  distillation.  Colorless  crystals  came 
down  when  concentrated  solutions  of  fluorochloroformoxime  were  allowed  to  stand.  The  analysis  corresponded  to 
fluorochloroformoxime,  but  the  product  was  a  polymer. 

Attempts  to  extend  these  experiments  to  difluorochloronitrosomethane  showed  that  in  ethereal  solution  the 
reaction  with  hydrogen  sulfide  is  also  accompanied  by  separation  of  sulfur  and  evolution  of  hydrogen  chloride;  in 
no  instance,  however,  were  the  ethereal  solutions  found  to  contain  exactly  one  atom  of  nitrogen  to  two  atoms  of 
fluorine . 

Precipitation  of  sulfur,  evolution  of  hydrogen  chloride,  absence  of  chlorine,  and  presence  of  fluorine  and 
nitrogen  in  the  last  fractions  of  ethereal  solution  evidently  indicated  the  formation  of  the  very  unstable  difluoro- 
formoxime. 

Trihalonitrosomethanes  were  obtained  by  reaction  of  fluoro  analogs  of  trichloromethylsulfenyl  chloride  [5] 
with  nitric  acid. 
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EXPERIMENTAL 


Fluorodichloronitrosomethane  and  fluorodichloromethane  sulfochloride.  In  a  round-bottomed,  250  ml  flask, 
fitted  with  stirrer,  mercury  seal,  and  side  tube,  were  placed  16.95  g  of  fluorodichloromethylsulfenyl  chloride  [5] 
and  85  ml  cf  3.3^o  nitric  acid.  The  flask  was  immersed  in  a  water  bath  at  room  temperature  and  the 
mixture  vigorously  stirred  for  4  hr.  During  the  reaction  the  bath  temperature  was  not  allowed  to  rise  above  20'24*. 
Gases  were  collected  in  a  trap  cooled  with  acetone  and  solid  carbon  dioxide.  The  exit  tube  of  the  trap  was  con¬ 
nected  to  a  sulfuric  acid  wash  bottle. 

After  the  reaction  had  finished,  the  content  of  die  trap  was  slowly  heated  to  0*  and  quickly  washed  with  a 
small  quantity  of  ice  water  while  air  was  blown  through  the  trap  in  order  to  oxidize  the  nitric  oxide  to  dioxide. 

The  resulting  blue  oil  was  separated  from  the  water,  dried  with  calcium  chloride,  and  distilled  at  11  to  14*.  The 
main  fraction  of  fluorodichloronitrosomethane  distilled  at  12*.  Yield  1-1  g  {B.3%). 

Found  70:  C  8.95;  N  10.37;  F  14.90;  Cl  53.17;  NO  22.52.  CONFCl^.  Calculated  <70;  C  9.09;  N  10.6;  F  14.4; 
Cl  53.78;  NO  22.72. 

During  the  reaction  with  nitric  acid,  fluorodichloromethane  sulfochloride  was  formed  in  addition  to  fluoro¬ 
dichloronitrosomethane.  This  compound  remains  in  the  reaction  flask  in  the  form  of  a  solid,  blue  mass.  It  was 
left  to  stand  at  room  temperature  for  several  days.  The  solid  was. then  separated  from  the  nitric  acid  and  the 
fluorodichloromethane  sulfochloride  distilled  witli  steam  and  dried  in  a  desiccator  over  calcium  chloride.  Yield 
of  fluorodichloromethane  sulfochloride  6.2  g  (26*70).  Colorless  crystals  with  m.p.  56*  and  b.p.  124*  (with  partial 
decomp.). 

Found  ^0:  C  5.83;  S  16.06;  F  9.13;  Cl  52.32.  CO2SFCI3.  Calculated  *70:  C  5.97;  S  15.92;  F  9.45;  Cl  52.23. 

Difluorochloronitrosomethane  and  difluorochloromethane  sulfochloride.  In  a  250  ml  round -bottomed  flask, 
fitted  with  stirrer,  mercury  seal,  and  side  tube,  were  placed  22.6  g  of  difluorochloromethylsulfenyl  chloride  [5] 
and  115  ml  of  33*70  nitric  acid.  The  flask  was  immersed  iii  an  ice  water  bath  and  the  mixture  stirred  vigorously 
for  30  min.  The  bath  was  then  heated  to  20-30*  and  vigorous  stirring  continued.  Gases  were  collected  in  a  trap 
cooled  with  a  mixture  of  acetone  and  solid  carbon  dioxide.  The  exit  tube  of  the  trap  was  connected  to  a  sulfuric 
acid  wash  bottle.  Stirring  was  stopped  after  3  hr,  the  content  of  the  trap  was  distilled  into  a  gasholder  filled  with 
water,  and  with  vigorous  agitation  the  ga.ses  in  the  gasholder  were  mixed  with  air  until  the  nitric  oxide  had  been 
completely  oxidized  to  dioxide  and  the  nitrogen  dioxide  had  dissolved  in  the  water.  The  blue-colored  gas,  free 
of  oxides  of  nitrogen,  was  passed  tlirough  a  calcium  chloride  tube  and  fractionated  in  a  column  suitable  for  vola¬ 
tile  substances  The  main  fraction,  boiling  at -36  to -28*,  had  the  empirical  composition  and  molecular  weight 
of  a  mixture  of  difluorochloronitrosomethane  and  di fluorodichloromethane.  In  the  pure  form  difluorochloronitroso¬ 
methane  distils  at  -36*.  The  literature  [6]  gives  the  same  boiling  point.  Total  yield  of  difluorochloronitrosometh¬ 
ane  1.78  g  (10.37o). 

Found  7o:  F  33.07;  Cl  30.63.  CONFjCl.  Calculated  °]a:  F  32.9;  Cl  30.73. 

Reaction  of  difluorochloromethylsulfenyl  chloride  w'ith  nitric  acid  gave,  apa-t  from  gaseous  substances,  di- 
fluorochlorometliane  sulfochloride.  This  compound  remains  in  the  reaction  flask  as  a  green  oil.  The  reaction 
mass  was  allowed  to  stand  for  several  days  at  room  temperature.  The  oil  was  then  separated  from  the  nitric  acid, 
distilled  with  steam,  and  dried  with  calcium  chloride.  Yield  of  difluorochloromethane  sulfochloride  4.2  g  {12.2Pjo). 
A  colorless  liquid  with  b.p.  84.5*  (with  partial  decomp. ),  n^^D  1.4005,  d^^4  1.6763. 

Found  *7o:  C  6.51;  S  17.58;  F  20.24;  Cl  38.22.  COjSFjCl^.  Calculated  ^0:  C  6.45;  S  17.35;  F  20.53; 

Cl  38.37. 

Fluorochloroformoxime .  In  a  30  ml  glass  ampoule  were  placed  10  ml  of  well- dried  ethyl  ether  and  4  g  of 
freshly  prepared  fluorodichloronitrosomethane.  After  solution  of  the  nitroso  compound,  1.3  g  of  hydrogen  sulfide 
(dried  with  calcium  chloride)  was  added.  The  ampoule  was  then  sealed,  energetically  shaken  several  times, and 
left  overnight  at  room  temperature.  The  mass  became  colorless  during  the  reaction  in  the  ampoule  and  sulfur 
was  quantitatively  precipitated.  The  next  day  the  ampoule  was  opened  and  held  at  room  temperature  for  about 
30  min,  until  hydrogen  chloride  ceased  to  be  evolved.  The  ethereal  solution  was  then  decanted  and  transferred 
to  a  distillation  apparatus  while  excess  of  air  was  rigorously  excluded.  Distillation  was  performed  at  room  tem¬ 
perature  and  reduced  pressure.  The  products  were  collected  in  a  receiver  cooled  with  liquid  nitrogen.  The  first 
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fractions  were  gaseous  impurities  and  a  considerable  proportion  of  the  ether  together  with  a  small  amount  of  flu'- 
orochloroformoxime.  The  main  bulk  of  the  fluorochloroformoxime  came  over  with  the  last  portions  of  ether.  If, 
for  example,  about  3  g  of  ethereal  solution  had  remained  in  the  distillation  flask,  continuation  of  distillation 
gave  a  1st  fraction  with  a  45.2Plo  content  of  fluorochloroformoxime  and  a  2nd  fraction  with  54.QF!o  content  of  flu¬ 
orochloroformoxime.  Further  concentration  of  the  2nd  fraction  yielded  about  0.5  g  of  ethereal  solution  with  a 
IQPjo  content  of  fluorochloroformoxime. 

After  the  concentrated  ethereal  solution  of  fluorochloroformoxime  had  been  kept  for  a  few  days,  it  deposited 
a  minute  quantity  of  colorless  crystals  corresponding  in  analysis  to  the  polymer  of  fluorochloroformoxime.  The 
crystals  decomposed  when  heatqd. 

Found  <70:  N  14.47;  F  19.57;  Cl  36.57.  (CHONFCl)n.  Calculated  N  14.35;  F  19.48;  Cl  36.41. 

SUMMARY 

1.  Reaction  of  fluorodichloromethylsulfenyl  chloride  and  difluorochloromethylsulfenyl  chicwide  with  nitric 
acid  gives  the  corresponding  nitroso  compounds  and  sulfochlorides. 

2.  It  was  shown  that  reaction  of  fluorodichloronitrosome thane  with  hydrogen  sulfide  gives  fluorochloro¬ 
formoxime  (in  ethereal  solution). 
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Halogenated  dialkyl  diselenides  are  starting  substances  for  preparation  of  alkylselenium  halides,  which  in 
turn  are  starting  products  for  synthesis  of  diverse  halogenated,  selenium-containing  organic  compounds.  Accord¬ 
ing  to  the  literature,  halogenated  dialkyl  diselenides  are  formed  in  admixture  with  other  compounds  when  fluori- 
nated  organic  compounds  are  reacted  with  selenium  [1,  2];  they  are  also  obtained  by  chlorination  of  selenoformal- 
dehyde  in  an  inert  solvent  [3].  We  recently  showed  that  fluorinated  dialkyl  diselenides  can  also  be  obtained  by 
decarboxylation  of  Huorocarboxylic  acids  in  presence  of  elemental  selenium  [4,  5]. 

In  the  present  work  we  found  that  fluorinated  dialkyl  diselenides  can  also  be  obtained  by  reaction  of  sele¬ 
nium  monobromide  with  tetrafluoroethylene. 


SeCF2CF2Br 
Sc2Br2  *1"  CF2^=^CF2  ■  ■'*  I 

SeCF2CF2Br 

This  reaction  is  very  sensitive  to  temperature  and  duration  of  heating.  The  best  yield  of  diselenide  is  ob¬ 
tained  by  gradual  heating  of  the  starting  components  in  an  inert  solvent  to  160*.  The  initially  formed  diselenide 
is  brominated  by  the  selenium  bromide  if  the  reaction  mixture  is  heated  quickly  to  a  high  temperature,  and  con¬ 
siderable  amounts  of  elemental  selenium  then  separate  out. 

The  structure  of  the  resulting  diselenide  was  verified  by  chlorination  to  2-bromo-l,l,2,2-tetrafluoroethyl- 
selenium  chloride; 


SeCFaCFaBr 


Cl, 


BrCFgCFaSeCl 


SeCF2CF2Br 

Some  halogenated  alkylselenium  halides,  also  alkylsulfenyl  halides,  can  be  reduced  to  halogenated  dialkyl 
diselenides  or  dialkyl  disulfides  respectively; 


CFaSeCI  ^CFgSeSeCFa 
CF2CISCI  CF.2CISSCF2CI 

It  is  known  that  reaction  of  selenium  monochloride  with  ethylene  does  not  lead  to  2,2’-dichlorodiethyl  di 
selenide;  in  this  case  the  reaction  goes  according  to  the  equation  [6]; 

Se2Cl2  -f  Cll2=CH2  — (ClCH2Cn2)2SeCl2  +  Se 


2,2'-Dichlorodiethyl  diselenide,  as  we  have  shown,  can  be  prepared  by  reaction  of  2,2' -dihydroxydiethyl 
diselenide  with  concentrated  hydrochloric  acid. 

(HOCH2Cn2Se-)2 (ClCHiCHaSe— ), 
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The  2,2’-dihydroxydiethyl  diselenide  required  for  this  reaction  was  prepared  together  with  2-hydroxyethyl* 
selenomercaptan  by  reaction  of  ethylene  oxide  with  hydrogen  selenide  under  pressure. 

Cllo-CIla  4-  H-^Se  — nOClI.^CM2SeU  -Hi  (llOCnsClIzSe-)^ 

The  intermediate  product- 2- hydroxyethylselenomercaptan— is  very  easily  oxidized  to  the  diselenide. 

Hence  if  addition  of  hydrogen  selenide  to  ethylene  oxide  is  performed  in  presence  of  air,  the  product  of  oxidation 
(the  diselenide)  is  formed  simultaneously. 

Up  to  now  the  reaction  of  hydrogen  selenide  with  organic  a- oxides  has  been  canied  out  only  in  the  acetyl¬ 
enic  and  vinylacetylenic  a-oxide  series  for  the  preparation  of  selenophenes  without  isolation  of  the  intermediate 
products" the  selenomercaptans  [7]. 

Halogenated  dialkyl  diselenides  are  colored  liquids  with  an  unpleasant  odor,  insoluble  in  water. 

EXPERIMENTAL 

Preparation  of  2.2'-dibromo-l,l.l'.l'.2.2,2'.2'-octafluorodiethyl  diselenide.  A  solution  of  9.0  g 
(0.028  mole)  of  selenium  monobromide  in  60  ml  of  carbon  tetrachloride  and  6.7  g  (0.067  mole)  of  tetrafluwo- 
ethylene  were  placed  in  a  glass  tube  of  150  ml  capacity.  The  tube  was  then  sealed  and  heated  on  an  oil  bath 
for  4-5  hr  (1  hr  at  110*,  2-3  hr  at  140*,  and  1  hr  at  160*).  After  cooling,  the  tube  was  opened,  gaseous  products 
and  solvent  were  distilled  off,  and  the  residue  washed  several  times  with  small  portions  of  hot  water-  The  brown- 
red  liquid  product  was  dried  with  sodium  sulfate  and  distilled  Yield  1.6  g  (ll*7o)- 

B.p.  75*  (5  mm),  n“D  1.4818,  d“4  2.5279. 

Found  <7o :  C  8.83;  Se  31.19;  F  29.42;  Br  30.87.  C4Se2F8Br2.  Calculated  <70:  C  9.25;  Se  30.50;  F  29.34; 

Br  30.91. 

Preparation  of  2-bromo-l.l,2.2-tetrafluoroethylselenium  chloride.  Chlorine  was  passed  at  "10  to “15* 
through  6.0  g  of  2,2’-dibromooctafluorodiethyl  diselenide  until  the  weight  had  increased  by  0.87  g.  The  reac¬ 
tion  mixture  was  then  decomposed  at  atmospheric  pressure.  Yieid  of  2-bromotetrafluoroethylselenium  chloride 
3.75  g  (557o). 

B.p.  121*,  n^®D  1.4578,  d^®4  2.3436.  J 

Found  <7o;  c  8.50;  Se  26.71;  F  25.82;  Cl  12.18;  Br  27.08.  C2SeF4ClBr.  Calculated  C  8.15;  Se  26.83; 

F  25.81;  Cl  12.05;  Br  27.16. 

^Reaction  of  trifluoromethylselenium  chloride  with  tin.  In  a  three-necked  flask  fitted  with  dropping  funnel, 
reflux  condenser,  and  thermometer  were  put  2.5  g  of  tin  and  5  ml  of  hydrochloric  acid,  followed  dropwise  by 
36  g  of  trifluoromethylselenium  chloride  [4].  The  reaction  is  exothermic.  After  cooling  of  the  reaction  mixture 
to  room  temperature,  the  oil  was  separated,  dried  with  calcium  chloride,  and  distilled.  Yield  of  hexafluorodi- 
methyl  diselenide  nearly  quantitative. 

B.p.  70*.  n^D  1.4038,  d^4  2.2030  (b.p.  70*,  n^D  1.4035  [4]). 

Found  <7o;  F  38.87.  C2Se2F4.  Calculated  <7o;  F  38.51. 

Reaction  of  difluorochloromethylsulfenyl  chloride  with  potassium  iodide.  A  solution  of  15.3  g  of  difluoro- 
chloromethylsulfenyl  chloride  [8]  in  60  ml  of  ether  was  run  in  small  portions,  with  ice  water  cooling  and  stining, 
into  a  solution  of  13.3  g  of  potassium  iodide  in  12  ml  of  water.  The  reaction  mixture  was  allowed  to  stand  for 
30  min;  the  ether  layer  was  separated,  the  iodine  decolorized  with  thiosulfate  solution,  and  the  liquid  dried  with 
sodium  sulfate  and  distilled.  Yield  of  symmetrical  tetrafluorodichlorodimethyl  disulfide  6.2  g  (597o). 

B.p.  62*  (95  mm),  d^%  1.5270,  n^D  1.4345. 

Found  <7o;  C  10.27;  S  27.54;  F  32.19;  Cl  29.83.  C2S2F4CI2.  Calculated  *70 :  C  10.21;  S  27.24;  F  32.34; 

Cl  30,21. 
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Preparation  of  2-hydroxyethylselenomercaptan  and  2.2'-dihydroxydiethyl  diselenide.  A  mixture  of  2.2  g 
(0.05  mole)  of  ethylene  o-  ide  and  7.5  g  (0.091  mole)  of  hydrogen  selenide  was  sealed  into  a  250  ml  glass  am¬ 
poule  which  was  then  placed  in  a  water  bath  at  room  temperature  and  allowed  to  stand  for  100  hr.  The  liquid 
acquired  a  lemon-yellow  color.  The  ampoule  was  opened,  the  excess  of  hydrogen  selenide  distilled  off,  and  the 
residual  liquid  fractionally  distilled. 

The  first  fraction  (b  p.  75*  at  16  mm)  was  2-hydroxyethylselenomercaptan.  Yield  2.4  g. 
n*®D  1.5380,  <i^\  1.5890. 

Found  ^o;  C  19.44;  H  4.24;  Se  63. 18.  CjHeOSe.  Calculated  *70 ;  C  19.21;  H  4.80;  Se  63.18. 

The  second  fraction  (b.p.  185*  at  5  mm)  was  2,2’-dihydroxydiethyl  diselenide.  Yield  1.5  g. 

Found  <70:  C  19.31;  H  4.71;  Se  62.55.  C4Hio02Se2.  Calculated  <7o;  C  19.38;  H  4.04;  Se  63.78. 

Preparation  of  2,2’-dichlorodiethyl  diselenide.  To  2.0  g  of  2,2’ -dihydroxy diethyl  diselenide  was  added 
6.0  ml  of  concentrated  hydrochloric  acid.  After  30  min  standing,  the  diselenide  formed  an  emulsion  from  which 
an  orange  oil  separated.  The  latter  was  washed  with  water  and  dried  with  sodium  sulfate.  Yield  1.8  g  (78‘7o).  De¬ 
composes  on  distillation. 

n*®D  1.6512,  d^4  1.8850. 

Found ‘To:  Se  55.19;  Cl  24.46.  C4H8Se2Cl2'  Calculated  <70:  Se  55.46;  Cl  24.89. 

SUMMARY 

1.  For  the  first  time  the  addition  of  selenium  halides  to  tetrafluoroethylene  was  carried  out,  and  2,2* -di- 
bromooctafluorodiethyl  diselenide  was  prepared. 

2.  Addition  of  hydrogen  selenide  to  ethylene  oxide  was  effected  for  the  first  time,  and  from  the  reaction 
products  were  isolated  2-hydroxyethylselenomercaptan  and  2,2' -dihydroxydiethyl  diselenide. 

3.  A  method  of  preparation  of  symmetrical  tetrafluorodichlorodimethyl  disuhide  was  dsscribed. 
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According  to  the  literature  the  synthesis  of  o-aminobenzenephosphonic  acid  (0-NH2C6H4PO3H2)  has  been 
effected  only  by  one  method-replacement  of  the  bromine  in  o-bromobenzenephosphonic  acid  by  the  amino 
group  [2].  Out  attempts  to  repeat  this  synthesis  gave  unsatisfactory  results.  The  reaction  appears  to  go  in  two 
directions:  1)  the  bromine  in  o-bromobenzenephosphonic  acid  is  replaced  by  the  hydroxy  group  to  give  o-hy- 
droxybenzenephosphonic  acid  (407o);  2)  bromine  is  replaced  by  the  amino  group,  but  at  the  instant  of  formation 
of  o-aminobenzenephosphonic  acid  the  C-P  bond  undergoes  hydrolysis  with  formation  of  aniline  (IfrTo).  Similar 
examples  of  rupture  of  a  C-P  bond  during  synthesis  of  benzene phosphonic  acids  were  reported  by  a  number  of 
authors  [3-5]. 

By  .analogy  with  the  meta-  and  para-isomers  [6-8],  a  possible  route  to  o-aminobenzenephosphonic  acid 
would  appear  to  be  reduction  of  o-nitrobenzenephosphonic  acid.  But  the  latter  is  obtained  in  a  yield  of  only 
5-9J0  by  nitration  of  benzenephosphonic  acid,  and  the  conditions  of  isolation  are  complex.  We  therefore  decided 
not  to  pursue  this  method  and  turned  our  attention  instead  to  the  method  of  synthesis  from  o-nitroaniline  proposed 
by  Doak  and  Freedman  [10].  However,  no  trace  could  be  detected,  under  any  conditions  of  performance  of  the 
reaction,  of  any  nitro  compound,  apart  from  o-nitrophenol,  reported  in  the  literature  [2,  5,  10].  At  the  same 
time,  on  thorough  examination  of  the  mother  liquor  which  we  suspected  to  contain  o-nitrobenzenephosphonic  acid, 
we  completely  unexpectedly  found  a  compound  capable  of  diazotization.  By  coupling  with  l-naphthol-4-sulfon- 
ic  acid  we  were  able  to  isolate  the  corresponding  amine  in  the  form  of  an  azo  dye.  Investigation  of  this  azo  com¬ 
pound  showed  that  it  was  a  mixture  of  two  azo  dyes.  One  of  these  was  the  product  of  coupling  of  chloroaniline , 
and  the  other  of  an  amine  containing  chlorine  and  a  phosphonic  grouping.  Further  investigation  established  (see 
Experimental)  that  the  second  amine  is  2-amino- 5-chlorobenzenephosphonic  acid  (I). 

With  the  objective  of  preparing  amine  (I)  itself  directly,  we  investigated  a  method  of  isolating  it  in  the 
form  of  complexes*  *  with  heavy  metals.  We  reasoned  that  the  presence  of  a  phosphonic  group  in  the  ortho- posi¬ 
tion  to  the  amino  group  should  intensify  the  complexing  ability  of  (I)  relative  to  chloroaniline,  and  should  con¬ 
sequently  facilitate  their  separation.  Separation  could  indeed  be  achieved  through  the  copper  complex;  after  de¬ 
composition  of  the  latter  the  acid  could  be  isolated  in  the  chemically  pure  state.  In  this  connection  it  was  found 
necessary  to  increase  the  quantity  of  cuprous  chloride  severalfold  over  the  amount  recommended  in  [10],  and  also 
to  modify  the  procedure  for  bringing  it  into  reaction.  It  was  likewise  established  that  an  increase  in  the  quantity 
of  PCI3  by  a  factor  of  3.5  gives  optimum  results  and  enables  isolation  of  (I)  in  a  yield  of  up  to  IS’Jo  (SVo  in  the 
form  of  dye).  All  the  remaining  reaction  conditions  are  found  in  the  example  described  below. 


*Communication  III  in  the  series  on  "Investigations  in  the  field  of  arylphosphonic  acids."  For  Communication  n 
see  [1]. 

*  •For  simplicity  of  exposition  we  shall  imply  by  the  teem  "complexes"  the  corresponding  products  of  interaction 
with  cations  with  the  investigation  of  whose  structure  we  did  not  occupy  ourselves. 
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In  conclusion  we  must  draw  attention  to  the  presence  in  the  reaction  mass  of  a  series  of  substances  in  ad¬ 
dition  to  (I),  chloroaniline,  and  o-nitrophenol.  Only  after  elucidation  of  the  composition  and  structure  of  the 
latter  shall  we  be  able  to  more  fully  understand  the  mechanism  of  interaction  of  PCI3  with  the  diazo  compound 
from  o-nitroaniline.  But  even  at  this  stage  we  can  say  that  the  process  is  extremely  complicated  and  comprises 
a  series  of  interlinked  reactions,  three  of  which  are  responsible  for  the  formation  of  the  acid  in  which  we  are  in¬ 
terested.  namely:  1)  replacement  of  the  diazo  group  by  the  phosphonic  group;  2)  reduction  of  the  nitro  group; 

3)  chlorination. 

From  (I)  we  prepared  six  azo  compounds,  the  coupling  components  being  respectively  R  salt,  chromotropic 
acid.  H  acid,  l-hydroxynphthalene-4-sulfonic  acid,  6-naphthol,  and  resorcinol.  All  of  the  prepared  azo  com¬ 
pounds  contain  the  ring- forming  grouping  (II),  analogous  to  the  well-known  grouping  (III)  which  is  present  in  com¬ 
ponents  already  widely  employed  in  analytical  practice  [11-19], 


AsOaMo  HO 


(HI) 


This  analogy  will  naturally  arouse  interest  in  the  analytical  properties  of  the  azo  compounds  now  prepared. 
Results  of  their  investigation  and  of  a  comparison  with  their  arsonic  analogs  will  be  presented  in  a  separate  com¬ 
munication. 


EXPERIMENTAL  • 

Reaction  of  o-bromobenzenephosphonic  acid  with  ammonia  [2].  The  phosphonic  acid  was  prepared  essen¬ 
tially  by  the  method  of  [20].  To  a  solution  of  12  g  of  o-bromobenzenephosphonic  acid  (m.p.  199.5-201.5*)  In 
200  ml  of  ammonia  solution  (d  0.9)  was  added  9  g  of  freshly  prepared  cuprous  oxide,  and  the  mass  was  heated  at 
70-80*  for  18  hr  It  was  then  acidified  with  concentrated  hydrochloric  acid  The  copper  was  brought  down  with 
hydrogen  sulfide,  the  copper  sulfide  filtered  off,  and  the  motner  liquor  boiled  with  carbon.  After  filtration,  the 
filtrate  was  divided  into  two  equal  part«.  The  first  half  was  evaporated  to  5  ml  and  cooled;  the  ammonium  chlo¬ 
ride  was  filtered  off  and  the  mother  liquor  evaporated  to  dryness.  The  residue  was  dried  in  vacuo  over  calcium 
chloride  and  then  boiled  with  50  ml  of  absolute  alcohol-  A  considerable  amount  of  material  did  not  dissolve  in 
the  alcohol  and  consisted  of  a  mixture  of  inorganic  compounds.  After  filtration,  the  filtrate  was  cooled,  but  no 
precipitate  came  down,  as  had  been  expected  according  to  [2].  A  s)Tupy  mass  remained  after  the  alcohol  had 
been  distilled.  In  alkali  solution  the  s\Tup  formed  with  the  diazonium  chloride  from  p-nitroaniline  an  azo  dye 
containing  phosphorus  and  agreeing  in  analysis  with  the  product  of  coupling  of  diazo- p-nitroaniline  with  o-hy- 
droxybenzenephosphonic  acid  (see  [1]). 

The  second  half  of  the  solution  was  diazotized  and  coupled  with  0-naphthol.  The  resulting  azo  dye  was 
twice  reprecipitated  by  acidification  of  the  carbonate  solutions,  and  washed  with  water.  There  was  obtained 
0.8  g  of  orange  substance.  Sodium  and  phosphorus  were  absent. 

Found  <yo;  C  77.47.  77.70;  H  5.47,  5.28;  N  11.01,  10.99.  CjeHaONz.  Calculated  <7o;  C  77.39;  H  4.85; 

N  11.28. 

Preparation  of  2-amino-5-chlorobenzenephosphonic  acid  (I).  A  solution  of  80  g  of  o-nitroaniline  was  prep¬ 
ared  by  heating  at  50®  in  800  ml  of  hydrofluoboric  acid  (d  124);  the  solution  was  cooled  to  3*  and  diazotized 
with  vigorous  stirring  at  +  3  to  +8*  by  means  of  40  g  of  sodium  nitrite.  Light- yellow  crystals  started  to  come 
down  while  the  sodium  nitrite  was  being  added.  After  the  whole  of  the  nitrite  had  been  added,  the  mass  was  kept 
for  half  an  hour  at  -1*.  The  solid  was  filtered,  washed  with  ice  vrater  (~  50  ml),  then  with  ethyl  ether  (~50  ml), 
and  dried  in  the  air  to  constant  weight.  Yield  118.5  g  of  o-nitroaniline  diazonium  fluoborate. 

To  a  mixture  of  635  ml  of  absolute  ethyl  acetate,  155  ml  (1.75  moles)  of  phosphorus  trichloride,  and  25  g 
of  cuprous  chloride  at  30*  was  added  portionwise  a  mixture  of  118.5  g  (0.5  mole)  of  o-nitroaniline  diazonium 
fluoborate  and  25  g  of  cuprous  chloride.  The  temperature  rose  during  the  addition,  and  at  50*  nitrogen  started  to 


•With  participation  of  G.  P.  Stepanova. 
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come  off.  After  the  whole  of  the  fluoroborate  had  been  added,  the  temperature  of  the  reaction  mass  was  grad¬ 
ually  raised  to  65*  in  step  with  the  progressive  decrease  of  nitrogen  evolution,  and  the  mass  was  held  at  65*  for 
3  hr.  The  next  day  10  ml  of  water  was  added  to  the  reaction  mass  at  15-35*,  and  the  mass  was  reheated  to  50- 
65*  for  an  hour.  Subsequently,  with  the  temperature  held  at  45-60*,  590  ml  of  water  was  added,  and  the  reaction 
mass  was  neutralized  with  sodium  carbonate  to  pH  3  (using  universal  indicator  paper)  and  heated  to  45*.  After 
cooling,  the  precipitated  copper  complex  was  filtered  off.  An  additional  crop  of  complex  was  isolated  from  the 
aqueous  layer  of  the  filtrate  after  addition  of  ethyl  acetate.  The  precipitates  were  combined,  washed  with  water, 
and  dried  at  100*.  Yield  32  g  of  greenish  substance.  It  was  dissolved  in  dilute  hydrochloric  acid  (1 :  2).  The 
copper  was  brought  down  with  hydrogen  sulfide,  the  copper  sulfide  was  filtered,  and  carbon  added  to  the  filtrate. 
The  filtrate  +  the  carbon  was  evaporated  to  V2  its  volume,  the  carbon  was  filtered  off,  and  the  mother  liquor  neu¬ 
tralized  with  sodium  carbonate  to  pH  3.  A  white  amorphous  precipitate  was  formed  and  was  filtered,  washed  with 
about  75  ml  of  ice  water,  and  dried  at  120*.  Yield  11  g  (lO^o)  of  white,  amorphous  substance  Analysis  for  sodi¬ 
um  [21]  gave  a  negative  result. 

Found  <7^ :  P  15.02,  14.97;  Cl  17.04,  17.02;  N  7.01,  7.08.  C6H7O3NPCI.  Calculated  <7o;  P  14.91;  Cl  17.09;  ’ 
N  6.75. 

An  additional  quantity  of  2-amino-5-chlorobenzenephosphonic  acid  was  isolated  from  the  mother  liquor  as 
the  azo  dye  with  resorcinol  in  the  amount  of  7.3  g  (37o  of  the  amine  yield). 

2- Amino- 5- chlorobenzene phosphonic  acid  (I)  is  soluble  in  water  and  alcohol;  it  crystallizes  from  dilute  hy¬ 
drochloric  acid  and  acidified  alcohol  in  the  form  of  well- formed,  fine  needles. 

The  structure  of  (I)  was  established  by  comparison  of  the  hydroxychlorobenzene phosphonic  acid  prepared 
from  (I)  with  the  2-hydroxy- 5-chlorobenzenephosphonic  acid  isolated  from  its  potassium  salt  [1].  To  a  suspension 
of  2.07  g  in  20  ml  of  water  and  3  ml  of  concentrated  hydrochloric  acid  was  added  a  solution  of  0.8  g  of  sodium 
nitrite  in  5  ml  of  water  at  0  to  +5*.  During  the  addition  of  the  nitrite  the  solid  went  into  solution.  The  resulting 
solution  was  filtered  and  heated  for  an  hour  at  50-60*,  during  which  operation  nitrogen  came  off  in  a  vigorous 
stream.  The  reaction  mass  was  then  heated  to  90*.  2  ml  of  concentrated  hydrochloric  acid  and  0.5  g  of  carbon 
were  added,  the  mass  was  evaporated  to  about  half  its  volume,  and  the  carbon  was  filtered  off.  The  cooled  fil¬ 
trate  deposited  crystals  which  were  filtered,  washed  with  water,  and  dried  at  100*.  Yield  0.8  g  with  m.p.  151.5*. 

Found  %  P  14.87,  14.65;  Cl  17.47.  17.21;  Nanone.C6H604PCl.  Calculated  P  14.86;  Cl  17.00. 

A  solution  of  1.5  g  of  the  potassium  salt  of  2-hydroxy- 5-chlorobenzenephosphonic  acid  [1]  in  15  ml  of  con¬ 
centrated  hydrochloric  acid  was  filtered  and  evaporated  to  dryness.  The  residue  was  dried  at  100*  and  then  in  a 
vacuum-desiccator  over  caustic  alkali.  The  2-hydroxy- 5- chlorobenzene  phosphonic  acid  was  then  extracted  with 
absolute  ether.  Yield  0.3  g  of  substance  with  m.p.  151*. 

Found tyo:  P  15.12,  15.10;  Cl  16.75.  16.64;  K  none. 

No  appreciable  depression  of  melting  point  occurred  in  a  test  with  a  mixture  of  the  two  substances. 

Synthesis  of  azo  dyes*  from  2-amino- 5-chlorobenzenephosphonic  acid  (I),  a)  A  diazo  solution  prepared 
from  2.07  g  of  amine  was  added  to  a  solution  of  12  g  of  resorcinol  in  40  ml  of  lO^o  Na2C03.  The  resulting  dye 
was  isolated  by  acidification  with  concentrated  HCl  and  recrystallized  from  weak  hydrochloric  acid  before  being 
dried  at  80*.  There  was  obtained  2.3  g  of  dark- red  solid.  385  m/j  (aqueous  solutions  for  all  the  dyes). 

Found'To;  P  9.35.  9.24;  N  8.31,  8.20;  Cl  10.52;  Nanone-  C12H10O5N2PCI.  Calculated  <=7o;  P  9.42;  N  8.53; 

Cl  10.79. 

b)  A  diazo  solution  prepared  from  2.07  g  of  amine  was  coupled  with  2.7  g  of  1-naphthol- 4- sulfonic  acid 
in  sodium  carbonate  solution  as  described.  There  was  obtained  21  g  of  reddish- orange  solid, 

Found <70:  P  7.19,  6.83;  Cl  7.91,  8.13;  Nanone  CisHjjOyNjSPCl  Calculated .<70;  P  7.00;  Cl  8.01. 

c)  A  diazo  solution  prepared  from  2.07  g  of  amine  was  coupled  with  3.6  g  of  R  salt  in  sodium  carbonate 
solution.  The  resulting  azo  dye  was  isolated  by  acidification  with  hydrochloric  acid.  Two  reprecipitations  from 
water  by  hydrochloric  acid  gave  2.5  g  of  biight-red  azo  dye  in  the  form  of  the  monosodium  saJf.  ^j^jax  495mji. 

•All  of  the  azo  dyes  were  dried  at  160*  before  analysis. 
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Found  <7o:  P  5. 6G,  5.78;  S  11.69,  11.8;  Na  4.55.  417.  Ci6HiiOioN2S2PClNa.  Calculated  <70:  P  5.68;  S  11.77; 
Na  4.22. 

d)  A  diazo  solution  prepared  from  2-07  g  of  amine  was  coupled  in  sodium  carbonate  solution  with  4  g  of 
H  acid  The  azo  dye  was  isolated  by  acidification  with  hydrochloric  acid.  Reprecipitation  from  water  by  hydro¬ 
chloric  acid  gave  2-5  g  of  dark-red  substance.  Xpiax 

Found  °Jox  P  5.49,  6.11;  Cl  6.73,  6.46;  S  11. 54;  Nanone.  C16H13O10N3S2PCI.  Calculated  *7o;  P  5.76;  Cl  6.59; 

S  11.92. 

e)  The  diazo  solution  prepared  from  2.07  g  of  amine  was  coupled  in  a  sodium  hydroxide  medium  with  1.6  g 
of  6  -naphthol.  The  azo  dye  was  isolated  by  acidification  with  hydrochloric  acid,  reprecipitated  from  sodium  car¬ 
bonate  solution  by  hydrochloric  acid,  filtered,  and  washed  with  water  until  free  of  chlorine  ion.  Yield  2.2  g  of 
orange  substance,  ^max 

Found  t  P  8.78,  8.98;  N  7.82.  7.53;  Nanone.  C16H12O4N2PCI.  Calculated ‘7o;  P  8.54;  N  7.70. 

f)  A  diazo  solution  prepared  from  2.07  g  of  amine  was  coupled  in  a  medium  of  sodium  acetate  with  4.40  g 
of  chromotropic  acid.  The  azo  dye  was  isolated  by  acidification  with  hydrochloric  acid,  reprecipitated  from  water 
by  hydrochloric  acid,  and  washed  with  hydrochloric  acid.  Yield  2.6  g  of  dark-crimson  solid, 

Found  <yr:  P  5.59,  5.59;  S  11.47,  11.87;  Cl  6.34,  6.00;  Na  3.61.  CieHuOuSjPClNa.  Calculated  <7o:  P  5.52; 

S  11.44;  Cl  6.32;  Na  4.10. 


SUMMARY 


1.  The  only  method  described  in  the  literature  for  preparation  of  o-aminobenzenephosphonic  acid  firom 
o-bromobenzenephosphonic  acid  did  not  give  satisfactory  results  when  checked. 


2.  An  investigation  of  the  reaction  of  PCI3  with  o-nitroaniline  diazonium  fluoborate  established  the  forma¬ 
tion  not  of  the  expected  o-nitrobenzenephosphonic  acid,  but  of  chloro- o-aminobenzenephosphonic  acid.  Its  for¬ 
mation  is  the  consequence  of  three  reactions  which  appear  to  proceed  in  parallel;  a)  replacement  of  the  phospho- 
nic  group  by  the  diazo  group;  2)  reduction  of  the  nitro  group;  3)  chlorination. 

3.  Chloro-o-aminobenzenephosphonic  acid  could  be  isolated  via  its  copper  complex. 

4.  Starting  from  the  prepared  acid,  six  azo  dyes,  the  first  representatives  of  a  class  containing  the  grouping 


FO3U2  no 

N=N 


were  synthesized. 
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The  D-  and  L-idosaccharic  acids  are  the  least  investigated  of  the  ten  stereoisomeric  tetrahydroxyadipic 
acids  Both  enantiostereoisomers  in  the  form  of  uncrystallizable  syrups  were  first  isolated  by  Fischer  and  Fay  in 
1895  [1];  D-idosaccharic  in  the  crystalline  form  was  only  obtained  in  1945  by  Secbeck,  Sorkin,  and  Reichsiein[2], 
who  also  describe  the  preparation,  using  a  phenylhydrazine  salt,  of  the  monophenylhydrazide  of  D-idosaccharic 
acid  from  the  lactone  which  had  not  been  separated  in  a  pure  form.  With  the  exception  of  this  reference  there 
has  been  no  published  information  up  to  the  present  time  regarding  the  lactones  of  idosaccharic  acids. 

Owing  to  the  "antisymmetry"  of  the  configuration  of  the  carbon  chain  [3]  the  idosaccharic  acids,  and  also 
the  mannosaccharic  acids,  can  theoretically  form  only  a  single  y -mon’olactone  (li).  It  is  known  that  allomucic 
and  mucic  acid  can  each  form  two  enantiostereoisomeric  y -monolactones,  and  glucosaccharic  and  talomucic 
acids,  two  diastercoisomeric  y -monolaciones  each  [4,  5].  The  monolactones  of  the  mannosaccharic  acids  have 
not  yet  been  isolated,  but  it  is  known  that  mannosaccharo-y  ,y -dilactones  (III)  are  very  easily  formed.  The  un¬ 
usually  large  difference  between  the  specific  rotation  of  D-idosaccharic  acid  (+15.6*)  [2]  and  the  specific  rota¬ 
tion  observed  by  Fischer  for  the  syTupy  forms  of  the  idosaccharic  acids  (more  than  “100  and  +100*  for  the  D-  and 
L-enantiostereoisomers  respectively  [1],  suggests  that  idosaccharic  acids  also  may  be  able  to  form  y,y -dilac¬ 
tones  (IV). 


COOh 


COOH  COOh 

II)  (II)  (III)  (IV) 


We  fractionated  the  syrup  obtained  by  decomposing  calcium  D-idosaccharate  with  oxalic  acid  [2]  and 
evaporating  the  filtrate  under  vacuum  with  acetone  according  to  the  method  described  by  Steiger  and  Reichstein 
for  the  lactones  of  D-talomucic  acid  [4],  and  thus  we  succeeded  in  separating  a  crystalline  substance  whose  aque¬ 
ous  solution  was  strongly  levorotary  ([apD-43.6*).  This  substance  behaved  as  a  monolactone  when  it  was  titrated 
with  a  solution  of  alkali,  i.e.,  only  one  COOH-group  was  titrated  in  the  cold,  and  two  COOH-groups  after  heating; 
the  neutralization  equivalent  together  with  the  elementary  analysis  indicates  that  we  are  dealing  with  a  previous¬ 
ly  unknown  monolactone  of  D-idosaccharic  acid.  Although  the  specific  rotation,  and  especially  the  shifting  of 
the  rotation  toward  the  left  in  the  conversion  of  acid  to  lactone,  indicates  the  presence  of  the  y- lactone  ring (II) 
and  excludes  in  principle  the  possibility  of  the  6 -lactone  structure  (V),  nevertheless  we  studied  the  mutarotation 
of  the  lactone  and  were  convinced  that  the  character  of  the  latter  actually  corresponds  to  the  mutarotation  of 
y -lactones  (see  figure).  The  results  of  these  measurements  in  conjunction  with  data  on  the  mutarotation  of  D- 
idosaccharic  acid  [2]  enabled  us  to  determine  the  kinetics  of  the  formation  and  hydrolysis  of  the  lactone,  using 
equations  cited  previously  [5].  The  essential  kinetic  data  are  presented  in  the  table. 
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Essential  Kinetic  Data  on  the  Formation  and  Hydrolysis  of  D-Idosaccharomonolactone 


Starting  material 

«« 

« 

Kt  +  K, 

K, 

X, 

if. 

K, 

D-Idosaccharic  acid 
(I)  [2] 

+15.6° 

—9.30 

0.0033 

D- Idosaccharomonolactone 

(II) 

—43.6'=' 

—9.8° 

0.0030 

0.00184 

0.00136 

1.353 

Note;  Oo)  Initial  specific  rotation;  a)  specific  rotation  of  the  equilibrium  mixture;  Kj) 
velocity  constant  of  hydrolysis  of  the  lactone;  K2)  velocity  constant  of  conversion  of  acid 
to  lactone  (K^  and  K2  are  expressed  in  hour’^).  Temperature  18  ±  2*. 


laip 


As  shown  by  the  table,  the  constants  for  the  forma¬ 
tion  and  hydrolysis  of  D-idosaccharolactone  are  very 
close  to  the  corresponding  constants  for  the  monolactones 
of  D'talomucic  acid  [5]. 


(V)  (Yli  'Vll) 


Curves  showing  the  formation  and  hydrolysis  of  D 
idosaccharomonolactone .  1)  D-Idosaccharic 
acid  [2];  2)  monolactone. 


After  12  hr  heating  of  tlie  monolactone  under  vac¬ 
uum  at  100*  we  obtained  an  uncrystallizable,  extremely 
viscous,  light- yellow  syrup,  an  aqueous  solution  of  which 
was  strongly  levorotary  ([a]®D- 106.8*).  The  volume  of 
alkali  solution  required  to  neutralize  the  substance  after 

heating  corresponded  to  the  presence  of  two  COOH- groups;  the  neutralization  equivalent  and  the  elementary  anal¬ 
ysis  showed  that  the  syrupy  material  is  a  dilactone;  its  structure  must  correspond  to  Formula  (IV)  because  the  for¬ 
mation  of  a  6,6-(VI)  or  a  6, y -dilactone  (VII)  is  very  improbable  in  the  case  of  idosaccharic  acids.  The  sub¬ 
stance  gave  a  strongly  acidic  reaction  in  water  (pH  below  3);  it  is  interesting  to  note  that  solutions  of  D-glucosac- 
charodilactones  are  also  acidic  (to  Congo  Red)  [6];  E-  Fischer  observed  a  strongly  acidic  reaction  in  the  case  of 
the  aqueous  solution  of  his  syrupy  D- idosaccharic  acid,  and  a  specific  rotation  of  less  than  -100*  [1].  The  com¬ 
pound  which  we  prepared  differs  from  the  dilactones  of  mannosaccharic,  glucosaccharic  [6],  and  2-desoxygluco- 
saccharic  acids  [7]  in  that  it  did  not  reduce  Fehling’s  solution.  A  more  detailed  investigation  of  this  compound 
was  not  possible  because  the  quantity  was  very  small.  • 


EXPERIMENTAL 

D-Idosaccharomonolactone  (II).  D- Idosaccharic  acid  (i)  was  prepared  from  D-xylose  through  D-idonic 
acid  according  to  the  method  described  by  Fischer  and  Fay  [1],  and  modified  by  Reichstein  and  co-workers  [2]. 
2,4,3,5-Di-O-benzylidene-D-idonic  acid  was  separated  directly  from  a  mother  liquor  containing  D-gulonoIac- 
tone  [8].  The  syrup  obtained  by  decomposing  calcium  D-idosaccharate  with  oxalic  acid  and  evaporating  the  fil¬ 
trate  under  vacuum  was  fractionated  with  acetone  by  Steiger  and  Reichstein's  method  for  preparing  the  monolac¬ 
tones  of  talomucic  acid  [4].  Acetone  was  added  to  the  syrup,  the  precipitated  D- idosaccharic  acid  was  filtered 
off  and  the  filtrate  was  evaporated  in  a  vacuum  to  the  consistency  of  a  thick  syrup,  which  was  triturated  with 
acetone  and  the  D- idosaccharic  acid  which  crystallized  out  was  filtered  off  (after  recrystallization  from  acetone 
its  m.p.  was  148-150*).  The  acetone  mother  liquor  was  evaporated  under  vacuum  to  the  consistency  of  a  syrup, 

•D-Idosaccharic  acid  is  one  of  the  least  available  of  the  tetrahydroxyadipic  acids.  The  yield  of  the  crystalline 
D- idosaccharomonolactone  was  less  than  2’Jc  of  the  original  quantity  of  D-xylose. 
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dried  immediately  at  85’  and  again  diluted  with  acetone;  the  evaporation  and  drying  were  repeated.  The  result¬ 
ing  colorless  viscous  syrup  crystallized  after  standing  in  the  cold  for  two  weeks.  It  was  reprecipitated  from  a  concen¬ 
trated  aqueous  solution  (syrup)  with  acetone,  washed  with  cold  acetone  and  dried;  m.p.  166-168*  (dec.),  [a]^D 
-43.6  (c  1  078,  water,  15  min  after  dissolving).  The  titration  of  18.8  mg  of  the  material  to  the  phenolphthal- 
ein  end-point  at  O’  required  5. 00  ml  of  0.02  N  NaOH,  and  at  100’  9.90  ml  0.02  N  NaOH;  equivalent  weight  188; 
calculated  for  CeHjOj  192. 

Found  <70:  C  37.20;  H  4  30.  CgHO,.  Calculated  <7o:  C  37.49;  H  4.20. 

D-Idosaccharodilactone  (IV).  The  monolactone  (II)  was  heated  under  vacuum  in  a  thick-walled  test  tube 
at  100’  for  12  hr.  A  light- yellow,  extremely  viscous  syrup  formed  which  did  not  crystallize;  [a]^D-106.8*  (c 
1  020,  water,  15  min  after  dissolving).  The  solution  was  acid  to  Congo  Red  and  did  not  reduce  Fehling's  solution. 
The  titration  of  20.6  mg  of  the  material  to  the  phenolphthalein  end-point  required  12.10  ml  of  0.02  N  NaOH  (by 
titrating  the  excess  alkali  after  heating  and  boiling);  neutralization  equivalent  85.1. 

Found  <7o:  C  40.98;  H  3.56.  M  170.2.  CeHeOg-  Calculated  C  41.37;  H  3.47.  M  174. 

The  polarimetric  measurements  and  the  calculation  of  velocity  constants  were  made  according  to  methods 
and  equations  described  previously  [5]. 


SUMMARY 

1.  The  previously  unknown  y -monolactone  and  dilactone  of  D-idosaccharic  acid  were  prepared. 

2.  The  velocity  constant  of  hydrolysis  of  D-idosaccharomonolactone  was  measured  polarimetrically. 
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The  study  of  the  dipole  moments  (p)  of  compounds  with  intramolecular  hydrogen  bonds  (IHB)  [!]•  was  con¬ 
tinued  with  phenylazo-,  carboxyl-  and  carbomethoxynaphthols.  The  values  of  p  for  2-  and  4-hydroxy-l- phenyl" 
azonaphthalenes  and  their  methyl  esters  were  determined  in  benzene  and  dioxane,  while  those  of  2-  and  4-car- 
boxy- l-hydroxynaphthalenes,  3-carboxy-2-hydroxynaphthalene  and  some  of  their  methyl  esters  were  usually  de¬ 
termined  only  in  dioxane  because  of  the  difficulty  of  dissolving  them  in  benzene.  Measurements  of  the  dielec¬ 
tric  permeability  factor  Cj  j  of  density  pj  2  of  these  solutions  at  various  concen  rations  of  the  dissolved 
substance  (in  moles)  N2  have  been  published  [2],  while  calculated  values  of  the  molar  polarization  of  the  dis¬ 
solved  substance  at  infinite  dilution  P2C0.  of  the  electron  and  atomic  polarization  ^  ^  <ind  of  ^  in  Debyes  (D) 
are  shown  in  Table  1.  In  the  calculation  P^  was  taken  as  equal  to  0.05  Pg.  The  value  of  p  obtained  for  2-hy- 
droxy-l-phenylazonaphthalene  in  benzene  corresponds  closely  with  the  value  in  the  literature  (1.60  D)  [3];  the 
values  of  p  in  the  literature  for  4-hydroxy- 1-phenylazonaphthalene  in  dioxane  and  for  its  methyl  ester  dissolved 
in  benzene  are  from  1.5-2  times  lower  than  those  obtained  by  us. 

The  previously  proposed  criteria  for  IHB  based  on  values  of  p  [1]  indicate  the  presence  of  a  bond  of  this 
type  in  1,2-phenylazonaphthols.  As  a  matter  of  fact,  1- phenylazo- 2-hydroxynaphthalene,  analogous  to  other  com¬ 
pounds  with  a  bond  of  this  type  (Table  2\  has  an  appreciably  lower  moment  than  1- phenylazo- 4-hydroxynaphthal- 
ene;  in  contrast  to  the  latter,  an  increase  in  the  moment  is  observed  in  the  case  of  the  methyl  ester  of  1- phenyl¬ 
azo- 2-hydroxynaphthalene;  its  moment  in  dioxane,  in  comparison  with  benzene,  changes  in  the  same  direction 
as  in  the  case  of  the  esters.  These  same  correlations  of  the  moments  are  also  observed  in  the  case  of  the  phenyl- 
azophenols,  inasmuch  as  p  of  the  ortho  isomer  of  these  compounds  is  less  than  that  of  the  para  isomer  by  0.31  D; 
in  the  para  isomer,  as  in  1- phenylazo- 4-hydroxynaphthalene,  the  transition  to  the  methyl  ester  is  accompanied 
by  a  decrease  in  the  moment,  as  also  in  the  case  of  the  naphthols,  while  in  using  dioxane  as  a  solvent  p  increases 
on  a  considerably  greater  scale  than  in  the  case  of  the  esters.  Thus  the  dipole  moments  confirm  the  presence  of 
an  IHB  in  1,2-azonaphthols;  it  is  also  confirmed  by  the  data  for  their  absorption  in  the  infrared  [7-9]  and  the  ultra¬ 
violet  [10]  bands  of  the  spectra  and  also,  apparently,  from  some  of  their  chemical  [11]  and  macrophysical  [12] 
properties. 

From  Table  2  it  is  evident  that  both  carboxyl-  and  carbomethoxy  substituents  of  naphthols,  which  can  form 
an  IHB  with  the  naphthol  hydroxyl,  display  qualitatively  characteristic  correlations  of  the  dipole  moments  of  iso¬ 
mers  (for  compounds  with  this  type  of  bond),  in  comparison  with  esters,  when  benzene  is  replaced  by  dioxane  as 
the  solvent,  etc.  The  closeness  of  the  observed  moment  (2.83  D  in  dioxane)  to  that  calculated  for  a  structure 
with  a  fixed  cis-position  of  the  corresponding  functional  groups  (2.53  D)  (I),  confirms  the  presence,  for  example, 
of  an  IHB  in  2-carboxy-l-hydroxynaphthalene.  Particular  consideration  should  be  given  to  2-carboxy-2-methoxy- 
naphthalene,  for  which,  by  analogy  with  o-methoxybenzoic  acid,  one  can  assume  the  presence  of  an  IHB  of  type 
(11)  [5]  or  an  equilibrium  between  (II)  and  (III),  in  benzene  solution  [13]. 

•[1]  combines  papers  I-VI. 
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Values  of  /j  (in  D)  and  Ap  of  Disubstituted  Derivatives  of  Naphthalene 
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Solvent- dioxane. 


TABLE  2 


i 


Relationship  of  Values  of  p  (in  D)  of  Disubstituted  Derivatives 
with  an  IHB 


C,,,II„XY 

*^1.4  >^1.2 

(benzene) 

I^OCll,- 1*011 
(benzene) 

l^dioxane- 
”  I*  benzene 

X 

Y 

l-N-AIIs 

2-OII 

4-1.27  (d)* 

4-0.20 

0.23 

2-COO  H 

1-011 

4-0.74 

— 

— 

2-COO  H 

3-011 

— 

4-0.25 

— 

2-COOCll:, 

3-011 

— 

— 

4-0.20 

1-CIIO 

2-0 II 

— 

4-0.30 

-1-0.03 

I-COOCH3 

2-011 

u  1.43(d) 

-1-0.  IS 

—0.02 

i-.\o., 

2-011 

4-1. .38 

4-0.15 

4-0.22 

i-X>,(  ,(j  1 1 5 

4-0  H 

— 

-1.21  Id) 

— 

4-COO  II 

1-OIF 

— 

— 0..3S(d) 

— 

I-COOCII3 

4-0 II 

— 

—0.44(d) 

— 

l-NOa 

4-01! 

— 

—0.08 

1-0.61 

1-N2<^cH5 

2-OCIIt 

1 

p 

to 

— 

4-0.23 

I-N-AIU 

4-or,ii., 

— 

— 

4-0.21 

1-NOo 

2-o(:ii3 

-f().15 

4-0.13 

/H.. 

0 


I  //O 

11  0 

W/  H 


(I) 


0 

I! 

0 

I 

II 

I 

r.Ha 

(11) 


^0  -Il-U^ 


r  ^ 

/  \0-ii-0^ 

!i 

,1 

I  II  I  II 


I  I 

Clh  f’<ll3 

(III) 


D-H 

O 


II 


(IV) 


•  Solvent-  dioxane . 


As  a  matter  of  fact,  2-carboxy-3-methoxynaphthalene  in  benzene  in  contrast  to  2-carbomethoxy- 3-hy¬ 
droxy-  and  2-carbomethoxy-3-methoxynaphthalenes  has  an  unusually  high  moment  (5.97  D)  for  that  type  of 
compound,  while  o-methoxybenzoic  acid  has  p  =  5-52  D;  in  dioxane  the  moment  falls  sharply  and  takes  the 
usual  value  for  hydroxy-  and  methoxynaphthoic  acids.  The  value  calculated  for  structure  (II)  was  found  to  be 
4.55  D,  and  if  one  takes  into  consideration  the  superposition  of  a  high  moment  of  interaction  of  groups  in  the 
case  of  orthodisubstituents,  especially  of  naphthalene, then  structure  (II)  with  an  BIB  formed  by  the  participation 
of  a  carboxy  hydroxyl,  appears  highly  probable.  In  benzene,  with  increasing  concentration  of  acid,  the  value 


ANj 


gradually  falls  from  51.6  when  N2  =  0.000186  to  46.5  when  N2  =  0.001991  (according  to  the  literature  [5] 


the  same  thing  occurs  with  o-metlioxybenzoic  acid),  which  is  not  observed  in  dioxane  nor  with  2-carbomethoxy- 
3-hydroxynaphthalene  in  benzene.  Evidently,  with  increasing  concentration  in  benzene,  structure  (H)  breaks 
down,  and  equilibrium  is  displaced  in  the  direction  of  structure  (III).  In  dio.xane,  structure  (II)  is  absent  altogether. 


Phenylazo-,  carboxyl-  and  carbomethoxy  substituted  hydroxy-  and  methoxynaphthalenes  (except  2-carbo¬ 
methoxy- 3-methoxynaphthalene)  have  a  noticeably  higher  moment  in  comparison  with  the  corresponding 
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substituents  of  benzene,  which  confirms  the  previously  made  inference  [1]  concerning  the  positive  value  of  Ajj  = 

”  MCjoUcXY”  MCgHiXY  practically  all  disubstituents  in  the  same  naphthalene  ring.  This  apparent¬ 

ly  occurs  with  moments  measured  in  benzene  as  well  as  in  dioxane,  and  also  in  compounds  in  which  the  corre¬ 
sponding  monosubstituents  of  naphthalene  possess  moments  either  larger  or  smaller  than  those  of  the  same  sub¬ 
stituents  of  benzene-  Data  for  phcnylazonaphthols  and  their  methyl  esters  (as  well  as  for  1.4- dime thoxynaphthal- 
ene  [14]  and  naphthalic  acid  anhydride  [15])  show  that  Ap  is  positive  for  disubstituents  containing  functional 
groups  with  the  same  or  opposite  effect  on  tlie  displacement  of  electrons  in  the  coupling  of  their  n-  or  ir  "elec¬ 
trons  with  TT -electrons  of  the  ring  system.  The  positive  character  of  A  ^  may  be  explained,  first  of  all,  by  an  in¬ 
crease  in  the  degree  of  double -bondedness  of  the  C1-C2  and  C3-C4-bonds  in  tlie  naphthalene  nucleus,  and  hence 
in  the  degree  of  conjugation  of  the  functional  groups.  This  also  explains  the  increase  in  acidity  [16],  and  the 
larger  displacement  (than  in  the  case  of  disubstituted  benzene)  Vq  -  q  (frequency  of  the  valence  oscillation  C  = 

=  O)  in  the  infrared  spectrum  [17]  and  of  the  long  wave  absorption  bands  in  the  ultraviolet  [18].  However  in  di¬ 
substituents  with  functional  groups  having  the  same  electron  displacing  effect,  the  increase  of  p  owing  to  coup¬ 
ling  is  apparently  absent,  and  the  positive  character  of  Ap  must  be  explained  by  other  reasons,  principally  by 
the  increase  of  the  induced  moment  in  groups,  and  by  the  steric  effect  of  para-hydrogen  which  hinders  the  free 
rotation  of  groups  in  positions  1  and  4  [14]  and,  possibly,  contributes  to  the  greater  strength  of  compounds  with  an 
IHB  [19]. 

From  the  point  of  view  of  explaining  the  fine  structure  of  naphthalene,  the  values  of  p  for  various  disub¬ 
stituted  compounds  with  the  same  functional  groups  at  different  neighboring  hydrogen  atoms  of  the  same  ring 
are  of  interest.  Thus,  the  dipole  moment  in  dioxane  of  2-carboxy-3-hydroxynaphthalene  exceeds  that  of  2-car- 
boxy- 1-hydroxynaphthalene  by  0.51  D.  Both  these  compounds  undoubtedly  contain  an  IHB,  which  is  indicated  by 
the  criteria  previously  described  (Table  2),  and  also  by  the  greater  proximity  of  the  first  value  of  p  to  that  cal¬ 
culated  for  structure  (I)  than  to  that  calculated  for  structure  (IV)  without  an  IHB  (calculated  moment  1.43  D).  This 
increase  of  p  cannot  be  caused  in  the  first  case  by  the  presence  of  some  fraction  of  molecules  with  IHB  of  type 
(II).  inasmuch  as  its  moment  differs  only  slightly  from  that  of  2-carbomethoxy-3-hydroxynaphthalene.  In  view  of 
the  lower  degr'^'c  of  double -bondedness  of  the  C2"C3-bond  in  naphthalene,  it  cannot  be  explained  by  the  superpo¬ 
sition  of  further  increased  values  of  the  moment  in  2,3- disubstituents,  caused  by  the  coupling  of  functional  groups. 

It  is  apparently  caused  primarily  by  the  greater  strength  of  the  IHB  in  the  1,2-  than  in  the  2,3- disubstituent.  It  is 
precisely  this  fact  that  explains  the  greater  displacement  Vq  _  q,  observed  in  the  former  in  comparison  with  the 
latter  in  the  case  of  many  disubstituted  naphthalenes  with  carbonyl- containing  functional  groups  [17,  19].  Other 
possible  reasons  for  the  increase  of  the  moment  in  2,3- disubstituted  (compounds)  may  be  the  degree  of  deviation 
from  coplanarity  of  the  functional  groups  with  the  ring,  and  also  the  effect  of  induced  moments. 

Dipole  moments  make  it  possible  to  determine  the  structure  of  molecules  in  the  basic  state  more  unambi¬ 
guously  than  electron  spectra  or  chemical  properties.  Thus,  the  proximity  of  the  values  of  p  (in  benzene)  of  o- 
phenylazophenols  and  of  phenol,  of  the  methyl  ester  of  p-phenylazophenol  and  of  anisole  gives  evidence  of  the 
presence  in  the  former  of  an  azostructure,  which  is  in  accordance  with  data  on  their  infrared  spectra  [8].  The 
proximity  of  the  value  of  the  moment  of  l-phenylazo-2-hydroxynaphthalene  to  that  of  2-naphthol  gives  evidence 
of  the  same  kind  of  structure,  but  this,  however,  does  not  correspond  with  deductions  made  from  absorption  spectra 
in  the  infrared  and  in  the  ultraviolet  [8.  10,  20,  21].  In  the  case  of  l-phenylazo-2-methoxy-  and  l-phenylazo-4- 
methoxynaphthalenes  and  especially  in  the  case  of  l-phenylazo-4-hydroxynaphthalene  in  contrast  to  the  com¬ 
pounds  mentioned,  a  considerably  larger  moment  is  observed  than  in  the  case  of  the  corresponding  hydroxy-  and 
methoxynaphthalenes  (by  0.5-1.28  D).  A  similar  increase  in  the  moment  is  also  observed  in  some  substituted  azo¬ 
benzenes,  for  example,  in  p-amino,  p-nitro-  and  p-N,N-dimethylaminobenzene  (by  0.90,  0.50  and  164  D,  respec¬ 
tively  [21])  On  the  basis  of  inferences  from  the  data  on  absorption  in  the  infrared  and  ultraviolet  regions  of  the 
spectrum  [8,  10,  21]  one  can  assume  that  the  increased  moment  noted  in  the  case  of  l-pheuylazo-4-hydroxynaph- 
thalene  is  brought  about  principally  by  the  transformation  of  part  of  the  molecules  into  a  quinone— hydrazone 
structure  (V)  with  some  subsequent  displacement  of  charges  (VI)  The  calculated  moment  for  structure  (V)  is  ap¬ 
proximately  equal  to  4  8  D  (p^  _  q  2.9  D;  p  of  the  group  =  NNHCcHg  is  taken  as  equal  to  the  moment  of  benzal- 
dehydephenylhydrazone  1  93  D).  while  for  structure  (VI)  it  is  more  than  30  D.  In  order  to  explain  this  increase 
in  the  moment  it  would  be  necessary  to  assume  the  presence  of  approximately  30y  of  the  molecules  with  struc¬ 
ture  (V)  or  a  sum  total  of  Vjo  of  the  molecules  with  structure  (VI). 
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II  I  . 

N-NH-CaHj  N=NII-CcH5 

(V)  (VI)  . 

However  the  assumption  concerning  the  transition  from  the  azo-  to  the  hydrazoquinone  structure  is  unsatis¬ 
factory  for  explaining  the  increase  of  the  moment  in  the  methyl  ester  of  phenylazonaphthols  and  in  N.N-dimethyl- 
aminoazobenzene.  In  this  case  the  increase  in  the  moment  may  be  principally  explained  by  the  observed  increase 
in  the  effect  of  coupling  of  the  substituent  with  the  benzene  ring  in  the  presence  of  an  azo  group  which  lengthens 
the  conjugated  chain  [22].  However  it  remains  unclear  why  this  fails  to  occur  in  some  substituted  azobenzenes, 
such  as  p-halogen-  or  p-hydroxy-,  in  which  the  value  of  p  is  practically  identical  with  that  of  the  conesponding 
substituents  of  benzene.  The  question  also  remains  open  as  to  what  extent  the  trans  form  of  the  phenylazo  group 
is  preserved  in  these  compounds  since  a  slight  deviation  from  this  can  bring  about  a  noticeable  increase  in  the 
moment  (the  p  of  the  trans-azobenzene  is  equal  to  zero,  while  the  cis-  is  3.0  D  [3,  23]). 

SUMMARY 

1  The  dipole  moments  of  1,2-  and  2,1- phenylazonaphthols  and  their  methyl  esters,  and  also  1,2-,  2,3- 
and  1,4-hydroxynaphthoic  acids  and  their  methyl  ethers  and  methyl  esters,  were  determined  at  25*  in  benzene  or 
dioxane  as  solvents 

2.  1,2-  and  2,3-Azo-  and  carboxy-  or  carbomethoxy-  substituted  naphthols,  according  to  data  on  their  di¬ 
pole  moments,  contain  a  strong  intramolecular  hydrogen  bond  2-Carboxy-3-methoxynaphthalene  has  a  weak 
bond  of  this  kind  with  the  hydrogen  of  the  hydroxyl  of  the  carboxyl  group. 

3  The  value  of  ^p  =  MCioHgXY'M^^  vy  s^^bstituents  in  the  same  naphthalene  ring,  with  a  few  ex¬ 
ceptions,  is  positive,  which  is  brought  about  Sy  me  increase  in  the  degree  of  double-bondedness  of  the  Ci-C2and 
C3-C4-bonds  in  naphthalene,  by  the  increase  of  the  induced  moment  in  functional  groups,  and  by  the  steric  effect 
of  para-hydrogen  atoms. 


LITERATURE  CITED 

1.  A.  E.  Lutskii  and  co-workers.  Zh.  F.  Kh.  361  (1949);  174,  331.  (1959);  Zh.  O.  Kh.  2073  (1959); 

Zh.  F.  Kh.  33,  2017,  2135  (1959). 

2.  L.  A.  Kochergina,  Diss  "Dipole  Moments  and  the  Structure  of  Some  Substituted  Naphthalenes."  Kliar’kov 
Polytechnic  Institute  (1959)  [in  Russian]. 

3.  G.  Hartley,  R.  Le  Fevre,  J.  Am.  Chem.  Soc.,  p.531  (1959). 

4.  E.  Bergmann  and  A.  Weizman,  Trans.  Farad.  Soc.  1318  (1936). 

5.  A.  V.  Komandin  and  A.  K.  Bonetskaya,  Zh.  F.  Kh.  2S,  1113,  1789  (1954). 

6.  O.  Fuchs,  Z.  phys.  Ch.  14.  339  (1931). 

7.  S.  Hendricks,  O.  Wulf.  G.  Hilbert,  and  U.  Liddel,  J.  Am.  Chem.  Soc.  1991  (1936). 

8.  D.  Hadzi,  J.  Chem.  Soc.  p.  2143  (1956). 

9.  K.  Ueno,  J  Am.  Chem.  Soc.  79,  3066,  3205  (1957). 

10.  A.  Burawoy  and  J.  Markowitsch,  Lieb.  Ann.  503,  180  (1932);  R.  Kuhn  and  F.  Bar,  Lieb.  Ann.  516,  143  (1935); 
A.  Burawoy,  A.  Salem,  and  A.  Thompson,  J.  Chem.  Soc.  p.  4793  (1952). 

11.  I.  Ya.  Postovskii  and  I.  F-  Vladimirtsev,  Zh.  F.  Kh.  31,  432  (1957). 

12.  A.  Burawoy  and  J.  Markowitsch,  J,  Chem,  Soc.  (1936),  p.  36. 

13.  J.  Fox  and  A-  Martin,  Nature  143,  199  (1939). 

14.  K.  Everard  and  L,  Sutton,  J.  Chem.  Soc.  (1949),  p.  2312. 

15.  J.  Partington,  An  Advanced  Treatise  on  Physical  Chemistry,  V,  530(1954). 

16.  K.  Schreiber  and  M.  Kennedy.  J.  Am.  Chem.  Soc.  78,  153  (1956). 

17.  J.  Hunsberger,  J.  Am.  Chem.  Soc.  12,  5626  (1950). 

18.  E.  Bergman,  I.  Hirshberg,  and  S.  Pinchas.  J.  Chem.  Soc.  (1950),  p.  2351;  E.  Sawizki,  J.  Org.  Ch.  915 
(1957). 


4047 


19.  J.  Hunsberger,  H.  Gutowski,  W.  Powell,  L.  Morin,  and  V.  Bandurco,  J.  Am.  Chem.  Soc.  £0  ,  3294  (1958). 

20.  D.  Fierz-David.  Helv.  Chim.  Acta  1718  (1940). 

21.  G.  Badger  and  K.  Buttery.  J.  Chem.  Soc.  (1956).  p.  614;  E.  Fischer. and  J.  Frei,  J.  Chem.  Soc.  (1959),  p.  3159. 

22.  T.  Campbell,  D  Young,  and  M.  Rogers,  J.  Am.  Chem.  Soc.  73,  5789  (1951);  T.  Campbell.  W.  McAllister, 
and  M.  Rogers,  J.  Am.  Chem.  Soc.  15,  864  (1952). 

23.  R.  Le  Fevre,  Dipole  Moments  110  (London,  1953);  A.  L.  Markman  and  E.  V.  Zinkova,  Zh.  O.  Kh.  3093 
(1959). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter>by*letter  transliter* 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri- 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


4048 


THE  INTRAMOLECULAR  HYDROGEN  BOND 

AND  DIPOLE  MOMENTS  OF  ORGANIC  COMPOUNDS 

Vra.  2,4-  AND  4,6-DIACETYLRESORCINOLS  AND  THEIR  METHYL  ESTERS 

A.E.  Lutskii,  L.  M.  Volova,  and  P.  A.  Chernyavskii 
Kharkov  Polytechnic  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30.  No.  12,  pp.  4085-4088, 

December,  1960 

Original  paper  submitted  October  24.  1959 

Differences  in  the  macrophysical  properties  (melting  and  boiling  points,  volatility  with  steam,  solubility  in 
benzene,  etc.)  and  in  the  ultraviolet  absorption  curves  [2]  of  2,4-  and  4,6-diacetylresorcinol  serve  as  a  founda¬ 
tion  for  the  assumption  of  the  presence  in  the  former  of  two  (I),  and  in  the  second  of  only  one  (II),  intramolecular 
hydrogen  bond  (IHB). 


This  difference  in  molecular  structure  is  regarded  as  experimental  proof  of  the  complete  or  partial  fixation 
of  one  of  the  Kekule  structures  (in  the  formation  of  an  IHB)  and  of  the  obligatory  presence,  for  a  strong  IHB.of 
a  double  bond  between  corresponding  carbon  atoms  of  the  benzene  ring  [1,  3].  However  structures  (I)  and  (11)  can¬ 
not  be  coordinated  with  a  number  of  other  properties  of  the  molecules  of  the  observed  compounds.  In  the  Raman 
spectra  of  both  4,6-  and  2,4-diacetylresorcinols  there  is  only  one  frequency  of  valence  vibration  of  the  carbonyl 
group  [4];  in  both  cases  absorption  in  the  region  of  the  OH-group  is  absent  in  the  infrared  [5].  Moreover,  the  dif¬ 
ference  in  the  macrophysical  properties  of  these  substances  may  be  the  result  of  other  peculiarities  of  the  observed 
molecules— with  their  form  [4,  6],  for  example— while  the  difference  in  the  electron  spectra  may  be  due  to  a  dif¬ 
ference  in  the  excited  state  and  not  merely  in  the  fundamental  state  of  the  molecules.  In  this  connection  it  is 
dierefore  advisable  to  examine  other  properties  of  2,4-  and  4,6-diacetylresorcinoLs  which  are  characteristic  of  the 
lundamental  state  of  the  molecules,  and  especially  their  dipole  moments. 

The  values  of  the  dipole  moments  (p  in  D)  of  2,4-  and  4.6-diacetylresorcinols  and  tneir  dimethyl  esters 
were  determined  at  25*  in  benzene  and  in  dioxane  solutions  as  described  previously  [7].  The  compounds  to  be 
studied  were  synthesized  in  accordance  with  information  in  the  literature  [8].*  The  values  for  molar  polarization 

•Some  of  the  compounds  investigated  were  synthesized  by  B.  G.  Distanov  and  kindly  offered  to  us  for  measure¬ 
ment. 
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(Cj  2)  and  (pi  2)  in  debyes  shown  in  the  table  were  calculated  on  the  basis  of  measured  values  of  the  dielectric 
permeability  P200  and  p  and  the  density  of  the  solutions.  In  calculating  the  values  of  the  electronic  and  atomic 
polarizations  Pg  +  a  assumed,  considering  the  high  polarity  of  the  materials  being  examined,  that  Pa  = 

=  0.15  Rp,  where  Rq  is  the  molar  refraction  of  the  dissolved  substance  (which  was  calculated  as  the  sum  of  the 
values  of  the  refractions  of  the  separate  bonds).  The  value  of  p  in  the  table  is  the  average  of  at  least  two  series 
of  measurements  of  Cj  2^nd  pj  2  of  solutions  of  various  concentrations. 

The  observed  values  of  the  moment  confirm  that  2,4-diacetylresorcinol  has  structure  (I)  with  two  hydrogen 
bonds  within  the  molecule.  This  follows  from  the  fact  that  the  moment  of  this  compound  is  near  or  even  coin¬ 
cides  with  that  of  2-hydroxyacetophenone  (2.78  D  [10]  in  benzene  and  2.86  D  [11]  in  carbon  tetrachloride)  and 
with  the  value  of  the  moment  (3.15  D).  calculated  from  the  moments  of  the  separate  bonds  [12]  for  the  configura¬ 
tion  in  which  both  hydroxyl  and  carbonyl  groups  are  located  in  pairs  in  a  cis- position  to  each  other" a  position 
fixed  by  the  formation  of  strong  intramolecular  hydrogen  bonds.  Structure  (I)  is  further  confirmed  by  the  fact  that 
the  dimethyl  ester  of  2.4-diacetylresorcinol.  as  well  as  the  esters  of  other  compounds  with  a  strong  intramolecular 
hydrogen  bond  [7,  10,  13],  possesses  a  somewhat  larger  moment  than  the  initial  hydroxy  compound,  and  that  Ap  = 
”  ^^dioxane"*^  benzene  latter  is  lower  than  that  of  its  ester. 


Dipole  Moments  of  Diace tylresorcinols  and  Their  Methyl  Esters 


P‘> 

eo  1 

10'»  1 

Compound 

u 

c 

0 

N 

in 

dioxane 

^E+A 

in 

benzene 

in 

dioxane 

^  dioxane”^ benzene 

2,4-Dlacetylresorcinol.  .  .  . 

262.8 

318.0 

1 

59.1 

1 

3.14 

3.54 

-fO.40 

Dimethyl  ether  of 
2,4-diacetylresorcinol.  .  .  . 

296.8 

376.6 

70.0 

3.33 

3.85 

40.52 

4,6-Diacetyltesorcinol.  .  .  , 

490.1 

262.2 

59.1 

4.56 

4.93 

40.37 

Dimethyl  ether  of .  , 

4,6-diacetyTresorcinol . 

1217.4 

1417.1 

70.0 

7.45 

8.07 

40.62 

•Some  of  the  investigated  substances  were  synthesized  by  B  G.  Distanov;  he  was  kind 
enough  to  submit  them  for  measurement. 

The  dipole  moment  of  4,6-diacetylresorcinol,  in  contrast  to  that  of  2,4-diacetylresorcinol,  appreciably  ex¬ 
ceeds  that  of  2-hydroxyacetophenone  (by  a  factor  of  1.64)  and,  almost  to  the  same  extent  as  the  moment  of  its 
dimethyl  ester,  it  exceeds  that  of  2-methoxyacetophenone  (by  a  factor  of  1.87).  In  other  respects  4,6-diacetyl¬ 
resorcinol  acts  similarly  to  2,4-diacetylresorcinol  or  2-hydroxyacetophenone,  i.e.,  to  compounds  without  free  hy¬ 
droxyls  On  conversions  to  the  ester  it  shows  a  significant  increase  in  moment  (by  a  factor  of  1.63)-even  greater 
than  2-hydroxyacetophenone  does  when  it  is  converted  to  2-methoxyacetophenone  (by  a  factor  of  (1,43).  Its 
moment,  measured  in  dioxane,  increases  in  comparison  with  that  measured  in  benzene,  but  it  is  only  half  as  large 
as  that  of  the  ester,  and  even  less  than  that  of  2,4-diacetylresorcinol,  which  indicates  the  strength  of  the  hydroxyl 
bond  in  the  molecule.  Apparently,  in  4,6-diacetylresorcinol  both  hydrogens  of  the  hydroxyls  take  part  in  the  for¬ 
mation  of  fairly  strong  intramolecular  hydrogen  bonds.  Comparison  of  the  observed  moment  of  4,6-diacetylresor¬ 
cinol  with  that  calculated  (5.45  D)  from  the  moments  of  the  separate  bonds  [12]  for  the  structure  with  two  hydro¬ 
gen  bonds  which  fix  the  cis- position  of  the  conesponding  functional  groups  in  the  plane  of  the  ring  does  not  con¬ 
tradict  this.  A  somewhat  lower  value  of  the  observed  moment  in  comparison  with  the  calculated  value  (by  0.89D 
in  benzene)  indicates  the  same  phenomenon  in  the  case  of  2-hydroxyacetophenone,  whose  moment  in  benzene  is 
lower  than  that  calculated  from  the  moments  of  the  bonds  [12]  (3.15  D)  by  0.37  D.  This  discrepancy  is  connected 
either  with  the  inaccuracy  of  the  calculation  of  p  for  the  cis-configuration  (according  to  other  data  the  value  of 
p ,  calculated  for  the  cis-structure  of  2-hydroxyacetophenone  is  2.8  D  [14]),  or  with  the  superposition  of  other 
interactions  of  the  functional  groups  that  are  hard  to  account  for.  Among  these  is  the  observed  deviation  of  their 
position  from  coplanarity  with  the  ring. 

It  is  evident  that  data  on  the  dipole  moments  of  these  compounds  may  be  satisfactorily  coordinated  with 
the  assumption  that  there  are  two  intramolecular  hydrogen  bonds  present  both  in  2,4-  and  in  4,6-diacetylresor¬ 
cinol  and,  consequently,  that  in  the  formation  of  this  type  of  bond  there  is  a  lack  of  fixation  of  one  of  the  Kekule 
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structures  [3].  Recently  [15]  this  was  confirmed  on  the  basis  of  infrared  spectra  of  a  series  of  disubstituted  5. 6,7,8- 
tetrahydronaphthalenes  containing  an  intramolecular  hydrogen  bond-  This  is  also  indicated  by  the  values  for  the 
bond  lengths  between  carbon  atoms  in  the  rings  of  such  compounds  as  salicylic  acid  [16]. 


SUMMARY 

1.  The  values  of  the  dipole  moments  of  2,4-  and  4,6-diacetylresorcinols  and  their  methyl  esters  were  de¬ 
termined  at  25*  both  in  benzene  and  in  dioxane. 

2.  The  values  of  the  moments  of  the  substances  studied  agree  with  the  assumption  that  two  intramolecular 
hydrogen  bonds  are  present  both  in  2,4-  and  in  4,6-diacetylresorcinol. 
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STUDIESIN  THE  NAPHTHALENE  SERIES 

XX.  THE  REACTION  KINETICS  OF  a-NAPHTHOL  WITH  AQUEOUS  SOLUTIONS 
OF  AMMONIA  AND  AMMONIUM  SULFITE* 

V.  V.  Kozlov  and  I.  K.  Veselovskaya 
Plekhanov  Institute  of  National  Economy  in  Moscow 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  No.  12,  pp.  4089-4092, 
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Original  article  submitted  January  22,  1960 


Having  studied  the  kinetics  of  amination  of  6-naphthol  [1]  and  having  confirmed  the  reaction  mechanism, 
which  was  explained  for  the  first  time  by  N.  N.  Vorozhtsov  [2],  we  investigated  this  reaction  with  a-naphthol 
also.  Only  one  paper  [3]  has  been  devoted  to  the  kinetics  of  amination  of  a-naphthol  derivatives 

Investigation  of  the  reaction  kinetics  of  a-naphthol  (m.p.  94*)  with  aqueous  ammonia  in  the  presence  of 
ammonium  sulfite  was  carried  out  in  a  rotating  steel  autoclave  similar  to  that  described  by  us  in  the  study  of 
6'naphthol  [1].  Thirty  minutes  after  complete  cooling  with  cold  water,  the  autoclave  was  opened  for  unloading. 
The  entire  contents  of  the  autoclave  were  rinsed  into  a  glass  container  with  water.  The  precipitate  was  filtered 
off  and  washed  with  a  solution  of  sodium  hydroxide  until  the  presence  of  naphthol  could  no  longer  be  detected. 

TABLE  1 

Dependence  of  Reaction  Velocity  on  Concentration  of  Ammonia 


Concentration 
NH3  CVo) 

20.0 

H.7 

to. 3 

8.16 

. 

11.79 

8.63 

6.04 

4.8 

. 

0.38 

0.38 

0.38 

0.38 

«  (%) . 

57.5 

57.3 

42.4 

49.1 

27.3 

31.1 

28.6 

49.8 

Temperature  .  . 

170.0® 

170.1® 

170.0® 

170.4® 

169.9® 

169.7® 

169.8® 

169.9® 

/(Ti  •  10-^!  .... 

2.42 

2.44 

3.77 

3.12 

5.70 

5.14 

5.50 

6.12 

Ki  ■  10  '  avg. 

2.35 

3.64 

5.42 

5.81 

A',  •  10 . 

2.86  1 

2.88 

3.25 

2.69 

3.44 

1  3.10 

2.64 

1  2.93 

Kj-  10  avg..  .  . 

2.79 

3.14 

3.27 

2.78 

Note:  Experimental  conditions;  5.50  g  a-naphthol,  5.1  g  (NH4)^S03.  100  ml  Z-2QPjo  am¬ 
monia,  170*,  60  min.  The  values  are  averages  of  four  experiments. 


•For  Report  XIX,  see  Zh.  O.  Kh.  2714  (1960). 
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TABLE  2 

Dependence  of  the  Reaction  Velocity  Constant  on  the  Concentration  of  a-Naphthol 


Quantity  of 
naphthol  (g) 

2.73G 

5.472 

1 

1  8.208 

«  (%) . 

63.8 

60.8 

57.5 

57.3 

58.3 

58.3 

Temperature 

169.9° 

169.9° 

170.0° 

170.1° 

170.0° 

170.0° 

A-,  .  10 . 

2.55 

2.3 

2.86 

2.88 

2.79 

2.79 

Note:  Reaction  conditions:  100ml  of  20.4fyc  ammonia,  5.1  g  (NH4)^S03.  170*.  60  min. 


TABLE  3 


Dependence  of  the  Reaction  Velocity  Constant  on  the  Quantity  of  Ammonium  Sulfite 


Quantity  of 
(NH^^SOg  (g) 

2.21 

4.41 

6.61 

. 

. 

«  (%) . 

Temperature . 

A",  .  10 . . 

0.19 

11.8 

79.0  79.0 

169.7°  169.9° 

2.43  2.43 

0.38 

11.79 

57.5  57.3 

170.0°  170.1° 

2.86  2.88 

0.57 

11.8 

36.8  38.6 

169.9°  170.0° 

3.44  3.28 

Note:  Reaction  conditions:  5.50  g  a-naphthol,  100  ml  20.4<7o  ammonia,  170*,  60  min. 


TABLE  4 


Dependence  of  the  Reaction  Velocity  Constant  on  the  Length  of  the  Experiment 


Length  of  the  expt. 

(in  min) 

1 

1  60 

90 

120 

. 

0.38 

0.38 

0.38 

. 

57.5 

57.3 

1  46.2 

49.2 

33.7 

29.5 

Temperature 

170.0° 

170.1° 

170.2° 

170.0° 

169.8° 

170.1° 

•  10 . 

2.86 

2.88 

2.67 

2.45 

2.81 

3.15 

Note:  Reaction  conditions:  5.50  g  a-naphthol,  100  ml  20.APjo  ammonia,  170*. 

Determination  of  the  unreacted  a-naphthol  was  carried  out  as  follows:  to  50  ml  of  the  combined  filtrate 
and  wash  water,  neutralized  by  hydrochloric  acid  using  thiazole  paper,  20  ml  of  a  2  N  solution  of  barium  chlo¬ 
ride  at  70-80*.  After  no  more  than  an  hour  the  barium  sulfite  precipitate  is  filtered  off  and  repeatedly  washed 
with  a  O.B’Jo  solution  of  barium  chloride.  The  filtrate  and  wash  water  are  made  slightly  acid  to  litmus  with  acet¬ 
ic  acid,  70  ml  of  a  saturated  solution  of  sodium  bicarbonate  is  added  and  it  is  then  titrated  back  with  a  0.05  N 
solution  of  p-nitrophenyldiazone. 
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TABLE  5 

Dependence  of  the  Reaction  Velocity  Constant  on  Temperature 


M  o  cc 
o  r!  o 


tvr 

d  d 


The  quantity  of  ammonia  in  the  experiments  corre¬ 
sponded  to  13-50  moles  per  mole  of  a-naphthol  which  as¬ 
sured  a  practically  constant  concentration  of  ammonia  and 
the  presence  of  a-naphthol  in  solution  during  the  course  of 
the  reaction  at  high  temperature. 

The  reaction  velocity  constant  for  the  reaction  of 
a-naphthol  with  ammonia  in  the  presence  of  ammonium 
sulfite  was  originally  calculated  according  to  the  equa- 


100 


C*5  05 

d  d 


{*5  m  oi 

d  on  d 


^is  time  of  the  reaction  (in  minutes),  C^.  is  the  concentra¬ 
tion  of  ammonium  sulfite  (in  moles/ liter),  a  is  the  quan¬ 
tity  of  unreacted  a-naphthol  of  the  original). 

From  the  results  of  the  experiments  on  the  reaction 
of  a-naphthol,  ammonium  sulfite  and  ammonia  of  varied 
concentration  which  are  shown  in  Table  1,  it  is  possible  to 
determine  the  reaction  velocity  constant  as  being  within 
the  limits  of  from  2  35  '  10  *  to  5.81  *  10  *  moles/ liter 
per  min. 

Taking  into  consideration  the  hydrolytic  conversion 
of  ammonium  sulfite: 


CO  vf  CM 

O  O  O 
CD 


CO  in  CM 

d  h-*  o 

lO 


(Nn4)2S03  4-  noil  NII4IISO3  4- 


4-NII4OH, 


we  used  the  expression; 


X  'a* 

fO  o  — 
d  d  d 


CO  — 

d  evi  d 


CO  CO  o 

d  'T  d 
00 


CO  uo  p 
d  'g<  d 
00 


where  Ca  is  the  concentration  of  ammonia  (in  moles/ liter) 
to  determine  the  reaction  velocity  constant  Kj. 

Since  the  velocity  constant  (K2),  calculated  accord¬ 
ing  to  this  equation  is  practically  constant,  this  indicates 
(just  as  we  mentioned  in  the  case  of  6  -naphthol)  that  the 
velocity  of  the  reaction  between  a-naphthol  and  ammonia 
in  the  presence  of  ammonium  sulfite  is  directly  propor¬ 
tional,  not  to  the  concentration  of  the  latter,  but  instead  to 
the  concentration  of  ammonium  bisulfite.  From  the  data 

in  Tables  2-4  showing  the  dependence  of  the  velocity  con¬ 
stant  on  the  concentration  of  a-naphthol,  the  quantity  of 
ammonium  sulfite  used,  and  the  length  of  the  experiment, 
the  fact  can  be  established  that  the  magnitude  of  the  reac¬ 
tion  velocity  constant  (Kj),  calculated  from  equation  (3),  is 
practically  constant.  Reaction  velocity  constants  at  differ¬ 
ent  temperatures  are  given  in  Table  5.  The  dependence  of 
the  reaction  velocity  constant  on  temperature  can  be  deter¬ 
mined  from  the  equation:  . 


4737 

Ig  A'2=  11.12  — -y  ±  0.008. 
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TABLE  6 

Kinetic  Data  on  the  Amination  of  Isomeric  Naphthols 


Temperature  (*C) 

150 

160 

170 

180 

Naphthols 

« 

P 

B 

P 

B 

P 

B 

P 

Reaction  velocity  constants 
(K2  calculated) 

0.0.S4 

0.118 

0.152 

0.249 

0  268 

0.512 

0.460 

1.018 

Note:  The  activation  energy  (Cal/ mole)  of  a-naphthol  is  21.7;  that  of  6  -naphthol  is  27.3. 

The  values  of  the  constant,  calculated  from  this  equation,  are  shown  in  the  last  line  of  Table  5.  They  cor¬ 
respond  fully  with  the  constants  determined  experimentally.  The  constants  determined  in  the  experiments  at  190* 
are  somewhat  smaller  because  of  changes  in  the  concentration  of  sulfite  as  a  result  of  corrosion  of  the  autoclave 
(actually  observed).  The  reason  for  the  latter,  as  was  mentioned  in  the  case  of  amination  of  6  -naphthol,  is  the 
increase  in  the  concentration  of  NH4HSO3  because  of  a  continuing  dissociation  of  (NH4)2S03  at  high  temperature 
with  the  transition  of  ammonia  into  the  gas  phase.  From  the  data  in  Table  5,  the  activation  energy  of  the  reac¬ 
tion  of  a-naphthol  with  aqueous  ammonia  in  the  presence  of  ammonium  sulfite  may  be  calculated  as  equal  to 
21,700  cal/ mole. 

Thus,  just  as  in  the  case  of  fl -naphthol,  the  velocity  of  the  whole  amination  process  may  be  determined 
from  the  velocity  of  its  first  phase,  namely,  from  the  velocity  of  the  reaction  of  a-naphthol  with  bisulfite 
(NH4HSO3  or  NaHSOs)  in  accordance  with  the  following  scheme  (5): 


OH 


-t-NH,HSO, 

-NH.HSOj 


HO  SO3NH4 

/\)\ 


\/\> 


+NH,-H,0 


(5) 


In  all  {ffobability  a-naphthol  reacts  in  the  keto  form  precisely  as  shown  in  scheme  (5)  [4].  The  reactions 
of  subsequent  amination  of  the  addition  product,  and  splitting  off  of  a  molecule  of  bisulfite  vrith  the  formation 
of  naphthylamine,  take  place  at  greater  velocity. 


Comparison  of  the  kinetic  data  for  the  naphthol  isomers  given  in  Table  6  shows  that  they  correspond  with 
the  known  reactivities  of  these  compounds  [4-6]. 


SUMMARY 

The  kinetics  of  the  amination  of  a-naphthol  by  aqueous  ammonia  in  the  presence  of  ammonium  sulfite 
in  a  reaction  analogous  to  the  amination  of  d -naphthol  were  studied- 
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We  studied  the  reactivity  of  tritium  atoms  occupying  various  positions  in  the  toluene  molecule,  on  inter¬ 
action  of  the  latter  with  free  methyl  radicals.  The  reaction  was  carried  out  through  the  thermal  decomposition 
of  acetyl  peroxide  (0.05  M)  dissolved  in  toluenes  tagged  with  tritium,  at  60-96*  [1].  The  methane  formed  was 
separated  from  the  rest  of  the  reaction  products  and  toluene  and  transferred  to  an  internal- charge  counter,  where 
its  radioactivity  was  determined.  The  specific  radioactivity  of  the  toluene  used  in  the  experiments  was  deter¬ 
mined  in  the  same  counter.  The  radioactivities  of  the  methane  and  toluene  were  related  by  the  equation: 


T  H 

where:  is  the  rate  constant  of  removal  of  a  tritium  atom  ir  position  i^  by  a  CH3  *  radical;  is  the  over¬ 

all  rate  constant  of  removal  of  hydrogen  atoms  from  the  toluene  molecule  [2].  Since  does  not  depend  on  the 
character  of  the  tagging,  the  ratio  of  rate  constants  of  the  reactions  of  the  methyl  radical  with  C*“T  bonds  in  var¬ 
ious  positions  may  be  found  by  means  of  this  formula  (see  table). 

As  is  evident,  the  interaction  of  CH3  '  with  C~T  bonds  of  the  methyl  group  proceeds  very  rapidly  and,  as 
calculation  shows  gives  over  90%  of  all  the  methane  formed.  Hence,  it  may  be  assumed  that  . 

This  makes  it  possible,  using  Eq.  (1).  to  find  the  ratio  of  pre -exponential  factors  and  the  differences  among  the 
activation  energies  E^  and  (see  table). 

It  was  found  that  the  radioactivity  of  the  methane  increases  linearly  with  the  degree  of  decomposition  of 
acetyl  peroxide  in  titrated  toluene.  For  this  reason  activity  values,  obtained  by  extrapolation  to  zero  degree  of 
decomposition,  were  used  in  all  calculations.  The  slope  of  the  straight  lines  (tan  (p)  in  the  coordinates,  activity 
(Ij3j)~ degree  of  peroxide  decomposition (n  ),  does  not  depend  on  temperature;  tan  </>o;  tan  :  tan  <pp  =  2  :  1  :  1 
This  effect  was  explained  by  the  interaction  of  the  methyl  radical  with  tt -bonds  of  the  nucleus,  which  results  in 
the  formation  of  a  free  radical  of  the  cyclohexadiene  type;  at  the  end  of  its  life  the  latter  gives  product  B,  in 
which  a  tritium  atom  is  bound  to  a  tertiary,  doubly  bonded  carbon  atom  Calculation  leads  to  the  following  ex¬ 
pression  for  the  radioactivities: 


=  A-mIPer  1,  •  r,. 

'tol  ^9 

which  agrees  with  experiment.  The  constant  is  a  function  of  the  rate  constants  of  a  series  of  elementary 
acts  of  interaction  of  the  CH3  •  radical  with  the  toluene  molecule  and  product  B.  It  characterizes  the  probabil¬ 
ity  of  addition  of  CH3  •  to  specific  bonds  in  toluene  and  the  mobility  of  tritium  atoms  in  the  addition  product. 
Evaluation  shows  that  the  reactivity  of  these  atoms  is  about  100  times  as  great  as  that  of  hydrogen  atoms  in  the 
methyl  group.  Proceeding  from  the  hypothesis  that  the  activation  energy  of  addition  of  CH3  •  to  the  toluene 
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nucleus  may  be  found  by  Polanyi’s  rule,  and  using  Vedeneev'* 


Tagging 

by 

tritium 

at  85“ 

AE  =  tJ  -  4.',,, 
(cal/ mole) 

formula  [3]  to  calculate  the  C~H  bond  energies,  we  de- 
rived  the  experimentally  observed  ratios  for  tan  ^  by  cal¬ 
culation. 

Ortho- 
Meta- 
Para- 
CH3  group 

0.76 

0.22 

1 

156 

4750  ±  100 

79(H)  ±  250 

4S(M)  ±  100 

2200  ±  100 

I±0.t5  SUMMARY 

23  ±  8* 

1.4  ±  0.12  1-  The  relative  rate  constants,  activation-energy 

1-8  differences,  and  ratios  of  pre -exponential  factors  of  the 

reactions  of  removal  of  tritium  and  hydrogen  atoms  from 

various  bonds  in  the  toluene  molecule  by  free  methyl 
radicals  were  determined- 

2.  It  was  shown  that  the  increase  in  activity  of  the  methane  formed  on  interaction  of  CH3  with  toluene 
tagged  by  means  of  tritium  in  the  nucleus,  with  the  extent  of  the  reaction,  is  due  to  the  addition  of  CH3  to  it" 
bonds  and  the  formation  of  products  containing  mobile  tritium  atoms- 
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The  system  Fe*^  +  H2O2  (Fenton’s  reagent)  is  a  powerful  generator  of  free  hydroxyl  radicals  [1-3]. 

Fe2+4-H202— Fe3+-t-  -Oll  +  OIl- 

In  the  presence  of  hydroxyl  radicals,  organic  compounds  undergo  various  conversions,  depending  on  the 
class  and  structure  of  the  substance  [4-7].  Merz  and  Waters  [5]  studied  the  oxidation  of  lower  aliphatic  com¬ 
pounds  by  means  of  Fenton's  reagent,  and  showed  that  the  oxidation  may  go  both  by  a  chain  and  a  nonchain 
mechanism.  Merz  and  Waters  also  indicated  the  possibility  in  principle  of  the  formation,  besides  oxidation 
products,  of  products  of  dimerization  of  organic  radicals  obtained  as  a  result  of  anack  of  a  carbon -hydrogen 
bond  in  the  organic  molecule  by  a  hydroxyl  radical  and  removal  of  the  hydrogen  atom: 

R_H  -L  .oil  —  R.  +HjO 
2R  .  — >  R-R 

However,  these  authors  did  not  isolate  such  dimeric  compounds;  they  identified  bibenzyl  only  in  the 
oxidation  of  toluene  by  Fenton's  reagent  [6]. 

The  products  of  dimerization  of  aliphatic  acids,  esters,  acid  chlorides,  and  tertiary  butyl  alcohol  were  ob¬ 
tained  by  Kharasch  and  co-workers  [8-10]  in  the  thermal  decomposition  of  acetyl  peroxide  dissolved  in  these 
compounds. 

Recently  Coffman  and  co-workers  published  very  interesting  articles  [11-13]  on  new  syntheses,  discovered 
by  them,  of  difunctional  compounds  from  monofunctional  ones  by  means  of  Fenton’s  reagent.  The  authors  se¬ 
lected  reaction  conditions  such  that  the  dimers  were  the  main  reaction  products  and  were  obtained  in  good  yield. 
It  is  remarkable  that  these  syntheses  were  carried  out  under  extremely  mild  conditions:  10-30  min  in  aqueous 
solutions  at  room  temperature.  Coffman  and  co-workers  oxidatively  dimerized  aliphatic  carboxylic  acids,  ni¬ 
triles,  amines,  amides,  alcohols,  and  ketones  These  authors  showed  that  the  attack  of  the  hydroxyl  radical  is 
nonselective,  as  a  result  of  which  all  possible  isomers  of  the  difunctional  compounds  are  obtained.  It  is  charac¬ 
teristic  that  the  attack  of  the  methyl  radical  formed  on  thermal  decomposition  of  acetyl  peroxide  dissolved,  e.g.. 
in  isobutyric  acid,  as  Kharasch  and  co-workers  [8]  showed,  is  selective  and  is  directed  toward  the  a- position  rel¬ 
ative  to  the  carboxyl  group. 

It  was  of  interest  to  us  to  investigate  the  dimerization  of  aliphatic  ethers  and  esters,  since  it  is  possible  by 
this  method  to  prepare  ethers  and  esters,  respectively,  of  glycols  with  a  long  chain  of  carbon  atoms,  and  also 
esters  of  dibasic  carboxylic  acids,  without  going  through  the  etherification  or  esterification  step.  Moreover, 
investigation  of  the  structure  of  dimerization  products  of  ethers  and  esters  is  of  interest  from  the  point  of  view 
of  study  of  the  reactivity  of  hydroxyl  radicals. 
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Yield  and  Physical  Constants  of  the  Dimerization  Products  of  Aliphatic  Ethers  and  Esters 
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Our  experiments  showed  that  even  such  inert  compounds  as  ethers  can  give  products  of  oxidative  dimeriza¬ 
tion  Thus  in  the  reaction  of  diisopropyl  ether  with  Fenton’s  reagent  we  isolated  the  dimer  in  about  2P}<'  yield, 
reckoned  on  the  hydrogen  peroxide  taken  (at  lOO^^c  yield  1  mole  of  hydrogen  peroxide  forms  0.5  mole  of  dimer) 

(see  table).  Under  the  conditions  of  synthesis  diethyl  ether  is  vigorously  oxidized  to  acetaldehyde  and,  partially, 
further- to  acetic  acid.  We  could  not  isolate  the  dimer  in  pure  form  from  the  mixture  of  high- boiling  products 
obtained  in  this  experiment  in  very  low  yield. 

On  interaction  of  esters,  particularly  acetates,  with  Fenton’s  reagent  two  competing  reactions  occur;  di¬ 
merization  of  the  organic  radicals  formed  and  oxidation  with  the  formation  of  carbonyl  compounds. 

nCIIaOCOCIIa-l-  ngiiocociia* 

RCII.^OCOCIl2 

1.  a.  2ROIIOCOCII3— R-CII-OCOCIIa 

I 

R-CU— OCOCIIn 

b.  2Rcn20Cogii2  -♦  cn2COOcii.,n 

I 

CII2COOCH.2R 

2.  R(;FI0C0CII3  +  -on  — *  RCIIOCOClIa— >  RCII=0  +  CllaCOOlI** 

I 

oil 

Apparently,  when  the  hydroxyl  radical  attacks  in  the  a-position  relative  to  the  ether  (or  ester)  oxygen, 
the  subsequent  process  is  preferentially  oxidation;  for  attack  in  the  6-  or  a  more  remote  position,  it  is  prefer¬ 
entially  dimerization. 

From  the  amounts  of  dimer  and  acetic  acid  isolated,  one  can  estimate  the  relative  amounts  of  dimerized 
and  oxidized  monomeric  ether  (or  ester).  Thus  in  the  reaction  of  ethyl  acetate  with  Fenton's  reagent  the  bulk 
of  the  ester  is  oxidized,  and  only  0.034  mole  of  the  ester  per  mole  of  hydrogen  peroxide  is  dimerized.  As  the  , 
carbon  chain  of  the  alcohol  radical  is  lengthened,  the  relative  amount  of  oxidized  monomer  is  decreased,  and 
the  yield  of  dimerization  products  is  much  increased.  Thus,  n- butyl  acetate  and  isoamyl  formate  give  dimeriza¬ 
tion  products  in  about  12%  yield.  Not  only  ester  dimers,  but  also  tetramers  and  polymeric  products  are  formed. 

In  the  reaction  of  n-butyl  acetate  with  hydroxyl  radicals  7.6%  dimer.  2.9%  tetramer,  and  2%  polymers  are  ob¬ 
tained.  As  a  result  of  the  parallel  oxidation  of  monomeric  esters  with  primary  alcohol  radicals,  the  correspond¬ 
ing  aldehydes  are  formed.  Thus  n-butyl  acetate  gives  n-butyra^dehyde,  and  isoamyl  acetate  gives  isovaleral- 
dehyde. 

We  are  continuing  the  work  in  the  direction  of  further  stud)  of  the  synthesis  conditions  and  the  structures 
of  the  dimers  obtained. 

EXPERIMENTAL 

Dimerization  of  ethers.  Diisopropyl  ethers.  Into  a  2. 5- liter,  fourneck,  round-bottom  flask  provided  with 
a  stirrer,  two  graduated  dropping  funnels,  and  a  thermometer,  were  put  800  ml  of  water.  300  ml  of  distilled  diiso¬ 
propyl  ether,  and  20  ml  of  concentrated  sulfuric  acid.  The  flask  was  cooled  with  ice  water.  A  485  ml  quantity 
of  ferrous  sulfate  solution  (0.66  mole),  prepared  by  dissolving  278  g  (1  mole)  of  ferrous  sulfate  heptahydrate  and 
55  ml  of  concentrated  sulfuric  acid  (1  mole)  in  575  ml  of  water,  and  100  ml  of  22.7%  hydrogen  peroxide  solution 
(0.66  mole)  were  added  simultaneously  in  equivalent  quantities  during  10  min,  with  vigorous  stirring.  Duringthe 
addition  the  temperature  rose  from  4  to  25°  The  organic  layer  (270  ml)  was  separated  and  the  water  layer  ex¬ 
tracted  with  300  ml  of  distilled  diisopropyl  ether.  The  organic  layer  and  ethereal  extracts  were  combined,  dried 
with  anhydrous  magnesium  sulfate,  and  the  ether  driven  off.  The  high-boiling  residue  was  distilled  in  vacuo. 
There  was  obtained  2.2  g  of  a  clear,  greenish  liquid  boiling  at  55°  (3  mm)  and  corresponding  in  molecular  weight, 
molar  refraction,  and  elementary  composition  to  a  mixture  of  diisopropyl  ethers  of  hexanediols,  having  the  gen¬ 
eral  formula  Ci2H2602. 


•Hydroxyl  radicals  attack  carbon~ hydrogen  bonds  not  only  in  the  a-position  relative  to  the  ether  (or  ester)  oxy¬ 
gen.  but  also  in  more  remote  positions,  as  is  indicated  by  the  wide  range  of  boiling  points  and  refractive  indices 
of  the  dimers  obtained  (see^table). 

•  ‘Here  the  nonchain  scheme  of  ester  oxidation  is  adopted  in  conformity  with  the  data  of  Merz  and  Waters  [5]. 
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Diethyl  ether  Into  the  reaction  flask  were  put  450  ml  of  diethyl  ether  "for  anesthesia"  and  800  ml  of 
water-  The  flask  was  cooled  to  0*  with  an  ice-salt  mixture  With  vigorous  stirring,  485  ml  of  ferrous  sulfate 
solution  (O.CG  mole)  and  100  ml  of  22.?7o  hydrogen  peroxide  solution  (0.66  mole)  were  simultaneously  added  in 
equivalent  quantities  The  addition  took  10  min,  and  the  temperature  of  the  reaction  mass  rose  to  20*.  The  or¬ 
ganic  layer  (150  ml)  was  separated,  and  the  water  layer  war  extracted  with  300  ml  of  diethyl  ether.  The  com¬ 
bined  organic  layer  and  ethereal  extracts  were  washed  with  5^c  sodium  bicarbonate  solution  and  dried  with  an¬ 
hydrous  magnesium  sulfate  The  ether  was  driven  off  and  the  high-boiling  residue  (about  1  ml)  distilled  from 
a  small  Claisen  flask.  There  was  obtained  0.6  g  of  a  yellowish  liquid  boiling  at  90-150*  (755  mm).  The  prod¬ 
uct  obtained  was  apparently  a  complex  mixture  of  dimers  and  oxidation  products,  which  was  difficult  to  resolve 
owing  to  the  negligible  yield. 

Under  the  conditions  of  synthesis  diethyl  ether  was  vigorously  oxidized  (cf.  [5]).  The  acetaldehyde  formed 
was  identified  in  the  form  of  the  2.4-dinitrophenylhydrazone;  a  mixed  sample  of  the  latter  with  the  2,4-dinitro- 
phcnylhydrazone  of  pure  acetaldehyde,  gave  no  me  king  point  depression.  The  acetaldehyde  was  partially  oxi¬ 
dized  to  acetic  acid.  The  latter  was  identified  through  the  formation  of  cacodyl  oxide  [14]  and  quantitatively 
determined  by  distillation  and  titration.  There  was  found  0.135  mole  of  acetic  acid.  Apparently  acetic  acid 
was  formed  in  the  oxidation  of  acetaldehyde  by  Fe^^  ions,  which  was  indicated  by  the  change  of  color,  on  brief 
standing,  of  the  water  layer  from  light-brown  to  the  light-green,  characteristic  of  Fe*'*’  ions. 

Dimerization  of  esters.  Ethyl  acetate.  To  a  reaction  mixture  consisting  of  700  ml  of  water  and  250  ml 
of  etiiyl  acetate,  aqueous  ferrous  sulfate  and  hydrogen  peroxide  solutions  (each  0.66  mole)  were  added  during 
10  min,  with  vigorous  stirring.  A  temperature  of  20-25“  was  maintained  in  the  reaction  flask  by  means  of  an 
ice  bath.  The  organic  layer  (120  ml)  was  separated  and  the  water  layer  extracted  with  diethyl  ether.  The  com¬ 
bined  organic  layer  and  ethereal  extracts  were  washed  and  dried.  After  distillation  there  was  obtained  2  g  of  a 
dimer  boiling  in  the  interval  90-160*  (10  mm),  which  was  a  clear,  greenish  liquid  corresponding  in  its  physical 
constants  to  isomeric  diesters  having  the  general  formula  CgHi404. 

An  aliquot  part  of  the  water  layer  was  treated  several  times  with  diethyl  ether  in  order  to  extract  the  dis¬ 
solved  ethyl  acetate.  Acetic  acid  was  determined  in  the  organic  layer  and  the  ethereal  extract  by  titration, 
and  in  the  water  layer  by  distillation  and  subsequent  titration.  There  was  found  0.883  mole  of  acetic  acid. 
Acetaldehyde,  being  an  oxidation  product  of  ethyl  acetate  [5],  was  identified  in  the  form  of  the  2,4-dinitrophen- 
ylhydrazone  (a  mixed  sample  gave  no  melting-point  depression).  The  somewhat  large  amount  of  acetic  acid  in 
comparison  with  the  hydrogen  peroxide  taken  is  apparently  explained  by  partial  oxidation  of  the  acetaldehyde. 

n- Butyl  acetate.  To  a  mixture  of  1000  ml  of  water,  500  ml  of  distilled  n-butyl  acetate,  and  25  ml  of 
concentrated  sulfuric  acid  at  room  temperature,  equivalent  amounts  of  ferrous  sulfate  and  hydrogen  peroxide 
solutions  (each  0.66  mole)  were  simultaneously  added  during  10  min,  with  vigorous  stirring.  At  the  end  of  the 
addition  the  reaction  mass  was  stirred  for  10  min  more.  Tlie  organic  layer  (475  ml )  was  separated.  There  were 
obtained  5.7  g  of  a  colorless,  viscous  oil  boiling  at  95-155*  (1  mm)  and  3  7  g  of  a  very  viscous,  dark  residue. 

The  latter  was  distilled  from  a  small  retort  in  vacuo  (0.5  mm).  A  2  2  g  quantity  of  a  very  viscous,  deep-yellow 
oil  was  collected.  The  95-155*  fraction  (1  mm)  corresponded  in  its  physical  constants  to  a  mixture  of  isomeric 
diacetates  having  the  general  formula  C12H22O4  (see  table).  The  molar  weight  of  the  heavier  fraction  (2.2  g) 
indicated  that  it  consisted  mainly  of  tetramers  C24H48O8.  The  tarry  residue  (1.5  g)  apparently  consisted  of  poly¬ 
meric  esters.  The  total  quantity  of  organic  acids,  determined  as  described  above,  w'as  0.22  mole.  The  oxida¬ 
tion  product  of  n-butyl  acetate -n-butyraldehyde- was  distilled  from  the  organic  layer  in  a  fractionating  col¬ 
umn  and  identified  in  the  form  of  the  2,4-dinitrophenylhydrazone.  M.p.  122*.  According  to  literature  data: 
m.p.  122*  [15]. 

Found  *70:  C  48.20;  H  4.55.  C10H12O4N4.  Calculated  C  47.62;  H  4.78. 

Isoamyl  acetate  The  oxidative  dimerization  of  isoamyl  acetate  was  carried  out  as  described  for  n-butyl 
acetate.  The  ferrous  sulfate  and  hydrogen  peroxide  solutions  were  added  to  a  mixture  consisting  of  1000  ml  of 
water,  300  ml  of  isoamyl  acetate,  and  20  ml  of  concentrated  sulfuric  acid.  The  volume  of  the  organic  layer 
was  285  ml  There  were  obtained  5g  of  a  viscous,  yellow  liquid  boiling  at  50-134“  (1  mm),  and  0.7  g  of  a  very 
viscous,  reddish  oil  boiling  above  134*  (1  mm)  The  first  fraction  corresponded  in  its  constants  to  diacetates 
having  the  formula  C14H2GO4;  the  second  fraction,  judging  from  the  molecular  weight,  consisted  mainly  of  te¬ 
tramers  C28H5oOg.  The  total  quantity  of  organic  acids  was  0.134  mole.  The  oxidation  product  of  isoamyl  ace¬ 
tate"  isovaleraldehyde— was  identified  in  the  form  of  the  2,4-dinitrophenylhydrazone  M.p.  118*.  According 
to  literature  data  [15]:  m.p.  123* 
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Found‘d;  C  49.91;  H  4.98.  C11H14O4N4.  Calculated  7o:  C  49.63;  H  5.30. 

Isoamyl  formate.  The  conditions  of  synthesis  were  similar  to  those  for  n-butyl  acetate.  The  fenous  sul¬ 
fate  and  hydrogen  pero.xide  solutions  were  added  to  a  mixture  consisting  of  1000  ml  of  water,  400  ml  of  isoamyl 
formate,  and  25  ml  of  concentrated  sulfuric  acid.  The  volume  of  the  organic  layer  was  385  ml.  There  were  ob¬ 
tained  7  g  {9.yj,^)  of  a  product  boiling  in  the  interval  58-144*  (2.5  mm),  and  2.7  g  of  a  viscous,  tany  residue 
having  the  molecular  weight  750.  The  58-144*  (2  5  mm)  fraction  was  redistilled.  There  were  obtained  5.4  g  of 
a  viscous,  light-yellow  product  corresponding  in  its  physical  constants  to  the  diformates  of  isomeric  decanediols, 
and  1.28  g  of  a  very  viscous,  deep-yellow  oil,  apparently  consisting  mainly  of  tetramers. 

SUMMARY 

It  was  found  that  organic  radicals  formed  on  interaction  of  aliphatic  ethers  and  esters  containing  n  carbon 
atoms,  with  free  hydroxyl  radicals,  dimerize,  forming  diethers  and  diesters  containing  2  n  carbon  atoms.  The 
oxidation  of  the  aliphatic  ethers  (or  esters)  to  the  corresponding  carbonyl  compounds  is  a  competing  reaction. 
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Earlier  [1]  we  showed  that  the  liquid- phase  thermal  decomposition  of  tetraethyllead  is  a  complex  chain 
process  in  which  less-ethylated,  intermediate  compounds" hexaethyldiplumbane  and  diethyllead“are  formed. 

(C2ll5)4l’b  (C^IlskPb.,  (CzUsVd’b  —  I’b  dj 

Moreover,  a  peculiarity  of  the  reaction  under  consideration  is  the  appearance  of  a  solid  phase" metallic 
lead.  Since  it  is  generally  known  that  metal  powders  can  catalyze  the  decomposition  of  organometallic  com¬ 
pounds  [2-4],  it  was  of  interest  to  study  the  role  of  highly- dispersed  lead  in  complex  conversions  (I).  In  the  lit¬ 
erature  we  could  not  find  direct  experimental  proof  of  the  catalytic  action  of  lead  on  the  decomposition  of  tetra¬ 
ethyllead  and  hexaethyldiplumbane.  Besides,  a  hypothesis  of  this  kind  was  advanced  by  Berlin,  who  showed  that 
the  over-all  process  of  thermal  decomposition  of  tetraethyllead,  which  was  followed  by  means  of  the  evolved  gas, 
is  autocatalytic.  Furthermore,  Kothon  found,  in  the  case  of  tetraphenyllead,  that  metallic  lead  can  accelerate 
die  decomposition  of  organometallic  compounds  [5].  According  to  the  author's  data,  the  catalytic  activity  of  lead 
strongly  depends  on  the  method  of  its  preparation.  This  observation  impelled  us  to  abandon  our  attempts  to  intro¬ 
duce  artificially  prepared  lead  powders  into  tetraethyllead  or  hexaethyldiplumbane  in  order  to  determine  their 
catalytic  action. 

In  order  to  study  the  role  of  metallic  lead  in  complex  processes  of  thermal  decomposition,  we  used  data 
obtained  earlier  (Fig.  1)  on  the  decomposition  kinetics  of  binary  mixtures  of  tetraethyllead  and  hexaethyldiplum¬ 
bane  [6].  As  is  evident  from  Fig.  1.  in  the  decomposition  of  pure  tetraethyllead  the  hexaethyldiplumbane  con¬ 
centration  reaches  some  limiting  value,  characteristic  for  the  given  temperature  (point  A),  after  which  it  de¬ 
creases.  It  was  to  be  expected  that  in  the  decomposition  of  artificial  mixtures  of  tetraethyllead  and  hexaethyl¬ 
diplumbane  with  a  concentration  of  the  second  component,  close  to  the  limiting  value  (point  B),  the  kinetic  curve 
would  consist  only  of  the  descending  branch.  In  this  case,  however,  the  beginning  of  decomposition  is  character¬ 
ized  by  an  increase  in  the  hexaethyldiplumbane  concentration. 

On  the  basis  of  these  facts  it  could  be  presumed  that  lead  catalyzes  the  decomposition  of  the  intermediate 
breakdown  products,  since  hexaethyldiplumbane  accumulates  in  its  absence  (point  B),  whereas  in  the  presence  of 
considerable  quantities  of  the  highly  dispersed  metal  (point  A)  the  (C2H5)6Pb2  concentration  decreases. 

The  procedure  was  set  forth  in  detail  earlier  [6].  In  general  it  amounted  to  the  distillation  of  previously 
purified  tetraethyllead  from  a  Claisen  flask  into  a  large  ampule,  to  which  a  series  of  small  ampules  were  sealed 
along  its  length.  This  operation  was  carried  out  in  a  current  of  hydrogen  and  at  reduced  pressure.  Toward  the 
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Fig.  1.  Change  of  hexaethyldiplumbano 
concentration  in  tetraethyllead  (wt.  ^r)  in 
the  process  of  thermal  decomposition  at 
135  ±  0.3":  1)  of  pure  tetraethyllead; 

2)  of  a  mixture  of  19.‘y}o  hexaethyldiplum- 
bane  and  SO.SPjo  tetraethyllead. 


Fig.  2.  Ampule  for 
studying  the  catalyt¬ 
ic  action  of  precip¬ 
itated  lead. 


end  of  the  distillation  the  pressure  was  reduced  to  0.5- 1.0  mm,  and  the  system  of  ampules,  which  had  the  form  of 
a  comb,  was  sealed  off  in  a  current  of  hydrogen.  Then  the  tetraethyllead  was  distributed  among  the  small  am¬ 
pules,  and  they  were  sealed  off  from  the  main  body.  This  method  was  used  in  all  the  experiments  described  be¬ 
low.  The  method  made  it  possible  to  obtain  simultaneously  10-12  ampules  filled  with  an  organolead  compound 
of  the  same  quality,  free  from  oxidation  products  and  out  of  contact  with  atmospheric  oxygen.  Several  steps  (con¬ 
struction  of  the  apparatus  from  one  batch  of  glass,  and  the  like)  were  taken  to  ensure  that  the  compound  under  in¬ 
vestigation  would  be  under  strictly  comparable  conditions  in  all  ampules  of  the  series.  All  the  above  ensured 
quite  satisfactory  reproducibility  of  results.  The  latter  was  especially  good  in  work  with  ampules  of  a  single  series. 

In  the  case  under  discussion  the  series  of  small  ampules  had  a  complex  configuration  (see  Fig.  2).  All  am¬ 
pules  were  thermostated  at  135  ±  0.3*  for  35  min  and  then  placed  in  liquid  nitrogen.  It  was  found  spectrophotomet- 
rically  [7]  that,  in  conformity  with  Fig.  1,  the  hexaethyldiplumbano  concentration  in  the  reaction  mixture  be¬ 
comes  close  to  the  limiting  value  in  this  case.  Then  the  ampules  were  treated  in  tv'o  ways.  After  freezing,  part 
of  them  were  further  thermostated  at  the  same  temperature  for  some  time.  Then  these  ampules  were  opened. .the 
lead  filtered  out  of  the  reaction  mixture,  and  the  latter  analyzed  in  the  usual  way  [7]  for  the  hexaethyldiplum- 
bane  content  in  the  tetraethyllead.  The  rest  of  the  ampules  were  frozen  and,  without  opening,  the  liquid  part  of 
the  reaction  mixture  was  decanted  from  the  metallic  lead  and  transferred  to  compartment  B.  In  several  well-re¬ 
producible  experiments  it  was  found  that  the  composition  of  the  mixture  did  not  change  during  its  decantation 
into  compartment  B.  Then  each  compartment  B  was  sealed  off,  further  thermostated,  and  tlie  contents  analyzed 
few  hexaethyldiplumbane  Experimental  results  are  given  in  Table  1. 

From  the  experimental  procedure  it  is  evident  that  before  the  additional  heating,  the  composition  of  the 
reaction  mixtures  in  the  two  groups  of  ampules  differed  only  by  the  presence  or  absence  of  metallic  lead-  There¬ 
fore  the  explanation  of  the  differences  in  the  compositions  of  the  mixtures  after  additional  heating  must  be  sought 
in  the  changes  introduced  by  highly  dispersed  lead  in  the  thermal- decomposition  process. 

From  the  data  of  Table  1  it  is  evident  that  removal  of  lead  from  the  reaction  mixture  leads  to  accumulation 
of  the  intermediate  decomposition  product,  hexaethyldiplumbane.  On  the  other  hand,  the  concentration  of  this 
product  decreases  considerably  in  the  presence  of  lead.  These  facts  agree  well  with  the  results  obtained  earlier 
(see  Fig.  1),  and  indicate  decomposition  of  hexaethyldiplumbane  on  the  precipitated  lead;  therefore  the  decom¬ 
position  of  tetraethyllead  and  hexaethyldiplumbane  may  be  regarded  as  autocatalytic  processes. 

The  procedure  set  forth  above  was  used  also  to  study  the  role  of  precipitated  lead  in  the  thermal  decom¬ 
position  of  hexaethyldiplumbane.  Earlier  [1]  we  found  that  this  substance  decomposes  with  the  intermediate  for¬ 
mation  of  diethyllead  according  to  the  equations: 

(C2H5)3f’b-Pi)(r,2ii5)3— *  (C2H5)4rb  -I-  (c.iy.Pb  (ii) 

(CzllilaPb  —  Pb-f  2C2ll5*-  (III) 
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Table  i 


Quantity  of 
hexaethyldi¬ 
plumbane  O^o) 
in  the  main 
thcrniostanng 
(13^,  35  mini 

Additional  thermostating 
at  135* 

duration 
(in  min) 

1 

quantity  of 
hexaethyldi¬ 
plumbane  (^o) 

H1.2 

1.5 

14.5 

10.2 

1.5 

1.3.:i 

10.2 

1.5 

13.8 

10.2 

1.5^ 

20.7 

10.2 

1.5  • 

20.9 

10.2 

15  • 

20.1 

10.2 

15  • 

20.3 

18.1  •• 

10 

17.0 

18,1  •• 

!()• 

19  7 

•The  mixture  was  separated  from  the  metallic 
lead  and  transferred  to  compartment  B  before 
thermostating. 

•  •Experiments  with  a  second  series  of  ampules. 


Then  it  was  found  [6]  that  the  decomposition  kinetics 
of  binary  mixtures  of  hexaethyldiplumbane  and  diethylload 
repeat  the  regularities  of  the  decomposition  kinetics  of 
mixtures  of  tetraethyllead  and  hexaethyldiplumbane.  In 
the  decomposition  of  mixtures  of  this  kind  there  was  ob¬ 
tained,  in  particular,  a  picture  analogous  in  many  ways  to 
that  expressed  in  Fig-  1-  Hence  it  appeared  possible  to  find 
out  whether  precipitated  lead  would  catalyze  the  decompo¬ 
sition  of  diethyllead.  For  this  purpose  we  prepared  a  series 
of  evacuated  ampules  like  that  shown  in  Fig.  2,  filled  with 
hexaethyldiplumbane  by  the  method  described  earlier  [6]. 
The  ampules  were  thermostated  at  85  ±  0.2*  for  25  min 
and  frozen  in  liquid  nitrogen.  In  this  case,  in  conformity 
with  the  preceding  work,  tlie  reaction  mixture  acquired  the 
maximum  optical  density  for  the  given  decomposition  tem¬ 
perature,  and  also,  therefore,  the  highest  diethyllead  con¬ 
centration.  Then  part  of  the  ampules  were  further  thermo¬ 
stated  with  metallic  lead.  The  liquid  decomposition  prod¬ 
ucts  in  each  of  the  rest  of  the  ampules  were  first  separated 
from  highly  dispersed  lead  by  centrifuging,  and  then  trans¬ 
ferred  to  compartment  B.  Each  compartment  B  was  sealed 
off  and  further  thermostated  Then  the  optical  densities  of 
the  reaction  mixtures  in  both  groups  of  ampules  were  meas- 


TABLE  2 


Optical  densities  of  reaction  mixtures 


before 

after  the  main 
thermostating 
(25  min  at  85*) 

after  additional  thermostating  at  85*  for 

thermostating 

4  min 

7  min 

10  min 

0.485 

0.960 

0.820 

0.840 

0.780 

0.485 

0.960 

0.960  • 

0.980^ 

0.990* 

•The  mixture  was  separated  from  the  metallic  lead  and  transferred  to  compartment  B 
before  thermostating. 

ured  at  the  wavelength  X=  400  mfi.  the  thickness  d  of  the  absorbing  layer  being  0.020  mm  (see  Table  2). 

It  follows  from  the  data  of  Table  2,  that  the  role  of  metallic  lead  in  the  decomposition  of  hexaethyldi¬ 
plumbane  is  analogous  to  its  role  in  the  decomposition  of  tetraethyllead.  And  in  this  case  further  heating  of  the 
ampules  containing  metallic  lead  leads  to  a  decrease  in  the  concentration  of  the  intermediate  decomposition 
product  (diethyllead),  which  is  manifested  in  an  appreciable  decrease  of  optical  density.  On  the  other  hand,  re¬ 
moval  of  the  lead  before  additional  thermostating  leads  to  an  increase  of  optical  density,  or  in  other  words,  the 
accumulation  of  diethyllead.  Since  it  was  found  that  the  composition  of  the  liquid  reaction  products  before  ad¬ 
ditional  heating  is  practically  the  same  in  both  groups  of  ampules,  and  the  optical- density  measurement  error 
was  not  over  0.020  in  the  worst  case,  we  could  find  no  other  explanation  of  the  observed  phenomena. 

The  above-described  facts  with  regard  to  the  catalytic  action  of  the  solid  phase  on  the  decomposition  of 
organolead  compounds  made  it  necessary  for  us  to  investigate  the  role  of  the  wall  on  the  thermal  decomposition 
of  these  compounds  and  to  estimate  the  degree  of  its  influence  on  the  process.  For  this  purpose  we  prepared,  in 
the  usual  way,  a  series  of  three  groups  of  evacuated  molybdenum- glass  ampules  filled  with  tetraethyllead.  One- 
third  of  the  ampules  were  intended  for  testing  the  quality  of  the  tetraethyllead.  Another  third  were  filled  with 
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TABLE  3 


1 

Duration  of  thermostat¬ 
ing  (in  min) 

Ampules  without  j 
glass  1 

Ampules  with  j 

glass  1 

(C2H5)4Pb  kept  before¬ 
hand  over  glass 

1 

1 

Pb  (%) 

(C,H0,Pb, 

(“/o)  j 

1  (C.HOa'b, 

j  ( */o) 

Pb  (o/o) 

1 

( 

i 

12.4 

7.7 

10.6 

6.9 

12.1 

7.4 

15 

12.6 

8.1 

11.2 

7.3 

1,3.4 

7.9 

1 

13.1) 

— 

12.7 

8.3 

— 

— 

Average  value 

12.7 

7.9 

11.5 

7.5 

12.7 

{ 

16.8 

10.0 

14.0 

12.1 

17.1 

_ 

25 

17.0 

12.8 

15.8 

1 1.8 

17.6 

— 

1 

17.5 

12.9 

15.9 

12.8 

— 

— 

Average  value 

17.1 

12.2 

j  15.2 

12.2 

17.3 

— 

crushed  molybdenum  glass  with  a  particle  diameter  of  about  0.5  mm.  The  rest  of  the  ampules  had  a  complex 
configuration  (see  Fig.  2),  compartment  A  containing  crushed  glass  of  the  same  dispersity.  These  ampules  were 
intended  for  finding  out  whether  crushed  glass  would  introduce  any  impurities  into  the  product  being  investigated. 
To  determine  this,  tetraethyllead  was  digested  for  8  hr  over  the  crushed  glass  in  each  ampule,  after  which  it  was 
transferred  to  compartment  B.  Then  each  compartment  B  was  sealed  off  and  thermostated.  All  three  groups  of 
ampules  were  thermostated  ari35“for  15  or  25  min,  after  which  the  metallic  lead  was  filtered  out,  thoroughly 
washed  with  ether,  and  dissolved  in  nitric  acid.  The  solution  obtained  was  analyzed  for  lead  by  the  molybdate 
method.  After  removal  of  the  lead  the  liquid  parts  of  the  reaction  mixtures  were  analyzed  for  hexaethyldiplum- 
bane  by  a  spectrophotometric  method.  Results  of  the  analyses  are  given  in  Table  3. 

It  follows  from  the  data  of  Table  3,  that  a  considerable  increase  in  the  surface  area  of  the  glass  has  no  sub¬ 
stantial  effect  on  the  thermal  decomposition  process.  This  conclusion  is  confirmed  by  the  wholly  satisfactory  re¬ 
producibility  of  results,  observed  by  us  during  prolonged  systematic  investigations  of  the  thermal  decomposition 
of  tetraethyllead.  An  analogous  series  of  experiments  was  carried  out  with  hexaethyldiplumhane.  In  this  case 
also,  however,  we  could  not  find  any  significant  catalytic  action  of  the  wall. 

On  the  other  hand,  products  of  incomplete  oxidation  of  tetraethyllead  and  hexaethyldiplumhane,  as  well  as 
incompletely  removed  atmospheric  oxygen,  cause  sharp  changes  in  the  process  of  thermal  decomposition  of  the 
compounds  under  investigation.  In  Fig.  3  are  given  data  on  the  decomposition  kinetics  of  pure  tetraethyllead,  as 
well  as  tetraethyllead  in  contact  with  atmospheric  oxygen  (l.O'yo  by  weight  of  the  product  sample  taken).  As  is 
evident  from  Fig.  3,  in  cases  where  oxidation  and  thermal  decomposition  can  compete,  the  first  process  complete¬ 
ly  suppresses  the  second.  As  a  result,  only  oxidation  products  are  precipitated  in  ampules  containing  atmospheric 
oxygen,  after  thermostating  at  135  ±  0.3"  for  15  min.  The  thermal- decomposition  products- metallic  lead  and 
hexaethyldiplumhane -could  not  be  detected.  After  the  same  time  interval  in  ampules  not  containing  oxygen, 
a  considerable  amount  of  lead  and  liquid  decomposition  products  accumulated.  The  existence  of  an  induction 
period  in  the  decomposition  of  tetraethyllead  in  the  presence  of  small  amounts  of  oxygen  indicates  that  this 
process  is  inhibited  by  oxidation  products. 

Small  admixtures  (up  to  2.0  wt.‘7o)  of  dibromoethane  and  other  alkyl  halides  are  even  stronger  inhibitors  of 
the  thermal  decomposition  of  tetraethyllead.*  Thus,  for  instance,  a  series  of  ampules  containing  a  mixture  of 
98.5(7o  tetraethyllead  and  1.3’Jo  dibromoethane  were  successively  thermostated  for  5  hr  at  135",  4  hr  at  145",  and 
finally  4  hr  at  155"  without  formation  of  the  metal  or  liquid  decomposition  products.  As  is  well  known  [1],  the 
pure  product  begins  to  decompose  appreciably  at  95-105".  During  the  thermostating  of  the  above-mentioned  mix¬ 
ture,  triethyllead  bromide  was  formed  and  lead  bromide  precipitated. 

Since  dibromoethane  reacts  quite  vigorously  with  tetraethyllead  even  at  135",  it  could  be  assumed  that  the 
inhibitor  of  thermal  decomposition  is  not  the  alkyl  halide  itself,  but  products  of  its  reaction  with  the  organolead 


♦This  part  of  the  work  was  done  by  Yu.  I.  Dergunov. 
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compound.  In  order  to  test  this  hypothesis  we  studied  the  decomposition  of  a  mixture  of  99,2f7o  tetraethyllead  and 
0.8  wt.®/o  iriethyllead  bromide  at  135  ±  0.3*.  ^t  was  found  that  metallic  lead  did  not  separate  from  the  mixture 
within  6  hr  in  this  case.  During  the  thermostating,  white  suspended  matter  formed,  which  contained  lead  and 
bromine  Then  highly  dispersed  lead  began  to  precipitate.  After  thermostating  for  7.5  hr  the  degree  of  decom¬ 
position  (according  to  the  amount  of  metal  formed)  reached  12.97o.  In  the  reaction  mixture  3.270  hexaethyldi- 
plumbane  was  found  spectrophotomeirically.  At  this  time  the  solution  contained  practically  no  triethyllead  bro¬ 
mide.  as  was  proved  by  extracting  the  mixture  with  aqueous  potassium  hydroxide  and  analyzing  the  extract  for 

bromide  ion.  As  a  rule,  the  analysis  for  bromide  ion  became 
negative  as  soon  as  metallic  lead  appeared.  The  mechan¬ 
ism  of  inhibition  by  triethyllead  bromide  is  the  subject  of 
further  investigations. 

SUMMARY 

1.  It  was  found  that  in  the  thermal  decomposition  of 
tetraethyllead  the  final  product  (highly  dispersed  metallic 
lead)  catalyzes  the  decomposition  of  the  intermediate  break- 
do\\m  products— hexaethyldiplumbane  and  diethyllead.  On 
this  basis  the  thermal  decomposition  of  tetraethyllead  and 
hexaethyldiplumbane  may  be  regarded  as  autocatalytic  proc¬ 
esses. 

2.  It  was  shown  that  the  walls  of  the  vessel  have  no 
substantial  effect  on  the  decomposition  of  tetraethyllead  and 
hexaethyldiplumbane . 

3.  It  was  found  that  in  the  presence  of  atmospheric 
oxygen  the  oxidation  of  tetraethyllead  completely  suppresses 
the  thermal  decomposition  reaction.  Traces  of  atmospheric 
oxygen  and  products  of  the  incomplete  oxidation  of  tetra¬ 
ethyllead  inhibit  its  thermal  decomposition  to  a  considera¬ 
ble  degree. 

4.  The  thermal  decomposition  reaction  is  more  strongly  inhibited  by  admixtures  (up  to  2  wt  ‘7o)  of  alkyl 
halides  or  products  of  their  interaction  with  tetraethyllead  (e.g.,  triethyllead  bromide). 
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Fig.  3.  Effect  of  atmospheric  oxygen  on  the 
decomposition  of  tetraethyllead  at  135  ±  0.3*. 
1  and  3)  Percentage  of  Pb  formed;  2  and  4) 
change  of  hexaethyldiplumbane  concentration 
in  tetraethyllead;  Curves  1  and  2  characterize 
decomposition  without  access  of  air;  Curves  3 
and  4  describe  decomposition  in  the  presence 
of  1.0  vn.  °}o  oxygen. 
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Thiuram  sulfides  may  be  prepared  most  simply  from  the  corresponding  thiuram  disulfides  by  heating  with 
potassium  cyanide  in  aqueous  alcoholic  solutions  [1].  However,  this  method  is  suitable  mainly  for  preparing  sym¬ 
metrical  thiuram  sulfides.  As  regards  the  preparation  of  unsymmetrical  thiuram  sulfides,  they  are  formed  from 
salts  of  N-substituted  dithiocarbamic  acids  with  secondary  amines  or  from  water-soluble  N-substituted  alkali- 
metal  dithiocarbamates  by  interaction  with  the  corresponding  N-substituted  thiocarbamoyl  chlorides  [2]. 

’  In  the  course  of  searching  for  efficient  accelerators  of  the  sulfur  vulcanization  of  natural  and  synthetic  rub¬ 
bers  we  synthesized  unsymmetrical  thiuram  sulfides  containing  various  aliphatic  and  heterocyclic  groupings  in 
the  molecule.  In  the  literature  there  is  only  one  reference  [3]  to  such  compounds:  in  connection  with  a  study  of 
the  toxicity  of  drugs,  dimethylthiocarbamoyl-l-piperidinothiocarbonyl  sulfide  and  dimethylthiocarbamoyl-4- 
morpholinothiocarbonyl  sulfide  are  mentioned;  in  this  case  no  information  is  given  on  the  method  of  their  prep¬ 
aration.  , 

We  prepared  four  hitherto- unknown  substances:  diethylthiocarbamoyl-l-piperidinothiocarbonyl  sulfide  (I), 
diethylthiocarbamoyl-4-morpholinothiocarbonyl  sulfide  (II),  bis(dimethylthiocarbamoyl)-l,4-piperazinobis(thio- 
carbonyl)  sulfide  (III),  and  bis(diethylthiocarbamoyl)-l,4-piperazinobis  (thiocarbonyl)  sulfide  (IV).  The  indicated 
compounds  were  prepared  through  the  interaction  in  an  aqueous  medium  of  dimethyl-  or  diethylthiocarbamoyl 
chloride  with  sodium  piperidine- 1-carbodithioate,  morpholine -4- carbodithioate,  and  piperazine -1,4- bis- (carbo- 
dithioate),  respectively. 


r.n,.  CM.. 

(n).^N-C(=S)Cl  +  NaSC(=S)-N'  "cHj — 

cnTTlii, 

CHo  Ctlo 

—  (n).^N-C(=S)-SC(=S)-N'^  CIL  -f  NaCl 

cn7"c1i., 

R  =  C,H*  (I). 

CHg  CH, 

(K)2N-(:(=S)-sc(=S)-n^  'b 

CFlTTfUa 

R  =  C,H,  (11). 

cng  cHg 

(R).2N-C(=S)-SC(=S)-N^  'n-C(=S)-SC(=S)-N(R)2 

ciTTTjh, 

R  =  CHj  (111),  C,H»(1V). 
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(III).  A  21.5  g  quantity  of  piperazine,  38  g  of  carbon  disulfide,  and  75.5  g  of  diethylthiocarbamoyl  chloride  were 
taken.  The  light-yellow,  crystalline  precipitate  resulting  from  the  reaction  was  washed  and  dried,  after  which  it 
did  not  melt  on  heating  up  to  250*.  Yield  74.5  g  {Q4Pjo).  The  substance  was  insoluble  on  heating  in  water,  alcohol, 
ether,  and  carbon  tetrachloride  and  very  slightly  soluble  in  hot  benzene  and  dichloroe thane. 

Found  <70:  C  41.25;  H  6.00;  N  12.12;  S  40.97.  Ci6H28N4S6.  Calculated  C  41.02;  H  5.99;  N  11.95;  S  41.03. 

SUMMARY 

Four  unsymmetrical  thiuram  sulfides,  not  previously  described  in  the  literature,  were  synthesized:  diethyl¬ 
thiocarbamoyl-  l-pip>eridinothiocarbonyl  sulfide ,  diethylthiocarbamoyl- 4-morpholinothiocarbonyl  sulfide .  bis(di- 
methylthiocarbamoyl)-l,4-piperazinobis(thiocarbonyl)  sulfide,  and  bis(diethylthiocarbamoyl)-1.4-piperazinobis- 
(thiocarbonyl)  sulfide.  These  compounds  were  prepared  through  the  interaction  of  piperidine,  morpholine,  and 
piperazine  with  carbon  disulfide  in  an  aqueous- alkaline  medium,  followed  by  condensation  of  the  resulting  inter¬ 
mediate  sodium  salts  of  the  corresponding  carbodithioic  acids,  with  dimethyl-  or  diethylthiocarbamoyl  chloride. 
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The  Darzens  reaction  has  been  known  for  more  than  50  years;  however,  its  mechanism  is  discussed  in  the 
literature  even  now.  On  the  basis  of  a  number  of  facts  it  must  be  presumed  that  the  reaction  is  an  aldol-type 
process  in  which  intermediate  hydroxyhalogen  compounds  are  formed;  when  the  reaction  is  carried  out  under  or¬ 
dinary  conditions,  the  latter  cannot  be  isolated,  since  the  hydroxyhalogen  compounds  are  rapidly  converted  to  the 
corresponding  epoxy  compounds  under  the  reaction  conditions  (alkaline  medium).  It  proved  possible  to  recover 
the  intermediate  compounds  in  only  two  cases  [1,  2],  by  carrying  out  the  reaction  under  special  conditions. 

Chloro  or  bromo  derivatives  are  usually  used  in  the  Darzens  reaction.  We  used  fluoro  derivatives  fer  the 
first  time,  namely,  ethyl  monofluoroacetate,  which  was  condensed  with  benzaldehyde.  It  is  well  known  that  flu¬ 
orine  is  much  more  stable  to  Sjq2  substitution;  hence  we  assumed  that,  if  the  Darzens  reaction  is  an  aldol-type 
process,  the  fluorohydrin  which  must  appear  in  this  case  will  not  be  converted  further  to  the  corresponding  epoxy 
compound. 

CaHj-c/^  +  HFCII-COOC2H5  — Calls— CHOH-CHF-COOC2H6 

Nl 

We  condensed  ethyl  monofluoroacetate  with  benzaldehyde  in  the  presence  of  dry  sodium  ethoxide  under  the 
usual  conditions  for  this  synthesis,  without  any  precautions  Absolute  ether  was  used  as  solvent.  The  reaction  mass 
was  decomposed  with  water  acidified  with  H2SO4.  A  liquid  substance  with  b.p.  121-123*  (7  mm)  was  isolated  from 
the  ethereal  extract,  whereas  a  crystalline  compound  with  m.p.  153*  was  obtained  from  the  water  layer.  Accord¬ 
ing  to  its  molecular  weight  and  analyses  for  carbon,  hydrogen,  and  fluorine,  the  latter  corresponded  to  a-fluoro- 
fl -hydroxy- 6 -phenylpropionic  acid.  It  contained  two  active  hydrogen  atoms  and  was  titrated  with  alkali. 

Yield  2QPI0. 

Found  <70:  C  58.99;  H  4.93;  F  10.37;  OH  18.45.  M  187.  C9H9O3F.  Calculated  <70:  C  58.70;  H  4.89;  F  10.32; 
OH  18.48.  M  184. 

Apparently,  ethyl  a-fluoro-6  "hydroxy-fl  "phenylpropionate  was  hydrolyzed  in  the  course  of  synthesis  or 
isolation. 

The  liquid  product  contained  fluorine  but  did  not  show  a  reaction  for  an  active  hydrogen  atom.  Accord¬ 
ing  to  the  molecular  weight  and  analytical  data  for  carbon,  hydrogen,  and  fluorine,  this  compound  corresponded 
to  ethyl  a-fluorocinnamate.  Yield  19.7^. 

n^^D  1.5412,  1.130. 

Found  <7o;  C  67.83;  H  5.84;  F  9.77.  M  185.  CnHuOjF.  Calculated '7o;  C  68.04;  H  5.67;  F  9.79;  M  194. 
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This  compound  could  be  formed  through  splitting-out  of  a  water  molecule  from  ethyl  a-fluoro-8  "hydroxy 
fl  -phenylpropionate. 

r#lf.-r:iion-CHF-COOC2H5— -^2  CBM5-C»=CF-COOCjHr 

The  formation  of  such  compounds  in  small  amounts  is  observed  very  often  in  Darzens  condensations. 

The  results  obtained  by  us,  in  our  opinion,  prove  conclusively  that  the  Darzens  reaction  goes  by  an  aldol* 
type  mechanism. 
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Independently  of  the  authors  of  the  recently  published  work  [1],  we  prepared  N-allyl-a-pyrrolidone  (I),  N“ 
allyl-e -caprolactam  (11),  and.  for  the  first  time,  N-allyl- a-piperidone  (III)  through  the  interaction  of  lactam  Na 
salts  and  allyl  halides,  and  studied  their  polymerization  and  the  copolymerization  of  (I)  with  methyl  methacrylate 
and  methyl  acrylate  [2].  The  subject  of  the  present  letter  is  the  addition,  studied  for  the  first  time,  of  mercaptans 
to  (I)  and  (II)  and  to  N-vinyllactams. 

When  (I)  and  (II)  are  heated  with  equimolar  qilantities  of  ethyl  mercaptan  (IV),  n-butyl  mercaptan,  and 
ethyl  thioglycolate  (V)  in  the  presence  of  azoisobutyric  dinitrile  {O.yjo  of  the  total  weight)  in  an  ampule  at  70-80* 

r"  •  '  \ 

for  18  hr,  compounds  having  the  general  formula  (CH2)j^CO-N~(CH2)3SR  are  obtained  in  65-88^o  yield.  Thio- 
phenol  (VI)  adds  with  difficulty  under  the  indicated  conditions,  and  after  heating  for  45  hr  gives  traces  of  high- 
boiling  products,  the  original  compounds  being  recovered.  For  the  compounds  obtained  we  give:  the  value  of  n, 
the  value  of  R,  yield  boiling  point  (pressure  in  mm),  n*®D,  d*®^. 

Colfr,,  R0..'j,  129-131“  (1),  1.5140,  1.0401  (VII);  3,  C.Hj,65.  154— 155°  (5),  1.5120, 

1.0002  (Vlll);  5,  n-C4lIp,  79.8,  150.5—157°  (1.5),  1..5070‘,  1.0154  (IX);  3,  n-CiH,,  70, 

142—143°  (1.5),  1..5045.  1.0220  (X);  5,  CHjCOOCJIj,  87.0,  118-121°  (5  •  10-3),  1..5093, 

1.1184  (XI);  3,  CllXOOCJlft,  85.7,  105-107°‘(2.5  •  lO"*),  1.5007,  1.1420  (XII);  5, 

GeH^,  5.5,  170-173°  (0.7),‘ 1.5670  (X11I);  3,  C.Hs,  8.8,^210-212(3),  1.5770,  —  (XIV). 

Analytical  data  on  the  C.  H,  and  S  content  in  substances  (VIT-XII)  correspond  to  the  calculated  values. 

In  order  to  compare  the  chemical  activity  of  vinyl-  and  'allyllactams  under  similar  conditions  (IV),  (V), 
and  (VI)  were  added  to  N  -  vinyl- a-pyrrolidone  and  N-vinyl-e -caprolactam.  For  the  (CH2)n~CO~N-(CH2)jSR 
compounds  obtained  we  give:  the  value  of  n,  tbe  value  of  R,  yield  (in  °lo),  boiling  point  (pressure  in  mm)  n*®D,d**4. 

5,  CHjCOOCoHs,  91.5,  175°  (0.5),  1.5085,  1.1336  (XV);  3,  CHjCOOCjUs,  97.5,. 

165°  (1),  1.5065,  1.1683  (XVl);  5,  Cells,  47.8,  181-183°  (1),  1.5708,*  m.D.  60-60.50 

<XVI1);  3,  Cells,  36.6,  161-163°(1),  1.5740,  1.1389  (XVlll);  5,  CjIIs,  56.5,  151.5°  (3), 

1.5150,  1.0587  (XIX);  3,  Colls,  57.8,  114—115°  (0.5),  1.5132,  1.0749  (XX). 

Analytical  data  on  the  C.  Hand  S  content  in  (XV-XX)  correspond  to  the  calculated  values.  The  structure 
of  (XVI)  was  proved  by  counter- synthesis  from  0  -chloroethylpyrrolidone  and  NaSCH2COOC2H5. 
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A  NEW  TYPE  OF  DISPROPORTIONATION 

A.  Ya.  Berlin.  G.  Ya.  Uretskaya.  and  E.  I.  Rybkina 

Institute  of  Experimental  and  Clinical  Oncology,  Academy  of  Medical  Sciences,  USSR 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  12,  pp.  4109-4110, 
December,  1960 

Original  article  submitted  July  12,  1960 


In  an  attempt  to  condense  acetoxymalonic  ester  with  p-nitrobenzyl  bromide  in  anhydrous  ethanol  in  the 
presence  of  C2H50Na  (1  hr  at  20-22*  and  1  hr  at  40*)  we  found  that,  instead  of  the  expected  p-nitrobenzylacetoxy- 
malonic  ester,  the  reaction  gave  bis- (p-nitrobenzyl )malonic  ester,  m.p.  169. 5- 170. 5*  (from  benzene)  [1]  and 
mesoxalic  ester  (fraction  with  b.p.  up  to  130*  at  20-21  mm),  which  were  isolated;  on  addition  of  a  little  water  the 
latter  gave  a  crystalline  hydrate,  m  p.  59-60.5*  (from  alcohol)  [2]. 

The  results  obtained  indicate  that  under  the  given  conditions  there  occurred  simultaneous  oxidation  and  re¬ 
duction  with  formation  of  mesoxalic  and  malonic  esters,  the  latter  reacting  with  p-nitrobenzyl  bromide  in  the 
presence  of  sodium  ethoxide  to  give  bis- (p-nitrobenzyl)- malonic  ester. 

Actually  the  reaction  of  acetoxymalonic  ester  alone,  with  a  solution  of  sodium  ethoxide  in  absolute  ether 
under  the  same  conditions  gave  a  fraction  with  b.p.  103-110*  at  19-20  mm,  containing  malonic  ester.  The  latter 
was  proved  by  its  reaction  with  p-nitrobenzaldehyde  in  the  presence  of  piperidine,  which  gave  p-nitrobenzalma- 
lonic  ester,  m.p.  91-92*  (from  alcohol)  [3]. 

Most  probably,  it  Is  not  acetoxymalonic  ester  itself  that  disproportionates  under  these  conditions,  but  tar- 
tronic  ester,  which  could  easily  be  formed  as  a  result  of  transestcrification  under  the  influence  of  sodium  ethoxide. 

cnaCDocHfGooc.jis).^  i-  ('..dijOii  ii()r,ii(a)or,.dN,).j  (:ii.:(:oo(:.jir,. 

2iiocii(cooc.di5)2  — cii.2(r.ooc.ji5)o-f  ro(r,ooc.di:.),. 

Thus  the  described  reaction  is  a  new  type  of  oxidation-reduction  conversion  of  secondary  alcohols,  taking 
place  in  an  anhydrous  medium  in  the  presence  of  sodium  ethoxide.  Cases  of  similar  behavior  of  such  secondary 
alcohols  as  benzhydrol,  p.p'-dimethoxybenzhydrol,  and  xanthydrol,  described  in  the  literature  [4-6],  are  undoubt¬ 
edly  based  on  another  mechanism,  since  these  processes  occur  only  in  an  acid  medium. 
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REACTION  OF  2 -  F ORM Y LC YC LOHEX AN ON E 


WITH  HYDROGEN  PEROXIDE 

L.  P.  Vinogradova  and  S.  I.  Zav'yalov 

Institute  of  Organic  Chemistry,  Academy  of  Sciences,  USSR 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  12,  p.  4110, 
December,  1960 

Original  article  submitted  July  18,  1960 


We  found  an  interesting,  new  reaction  of  2-formylcyclohexanone,  similar  to  the  Favorskii  rearrangement 
but  taking  place  under  unusual  conditions.  On  addition  of  2-formylcyclohexanone  to  30^o  hydrogen  peroxide  in 
the  cold,  considerable  heating  is  observed,  and  pimelic  and  cyclopentanecarboxylic  acids  are  formed  as  a  result, 
the  latter  being  obtained  in  about  40*70  yield. 


y  H00C(CH2)6C00H 

/\_rHO  COOH 

\  I 
/\ 
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\/ 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

GDI 

GITI 

GITTL 

GONTI 

Gosenergolzdat 

Goskhimizdat 

GOST 

GTTI 

IL 

ISN  (Izd,  Sov,  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LEIIZhT 

LET 

LETI 

LETIIZliT 

Mashgiz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

Nil  ZVUKSZAPIOI 

NIKFI 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TsNIEL 

TsNIEL-MES 

TsVTI 

UF 

VIESKh 

VNIIM 

VNIIZhDT 

VTI 

VZEI 


Phys.  Inst.  Acad.  Sci.  USSR. 

Water  Power  Inst. 

State  Sci. -Tech.  Press 

State  Tech,  and  Theor.  Lit.  Press 

State  United  Sci. -Tech.  Press 

State  Power  Press 

State  Cliem.  Press 

All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  Press 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci,  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elcc.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  i^search  Inst,  of  Railroad  Engr. 

State  Sci.-Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Plants  and  the  Electrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Construction 
Scientific  Research  Inst,  of  Sound  Recording 
Sci.  Inst,  of  Modern  Motion  Picture  Photography 
United  Sci.-Tech.  Press 
Division  of  Technical  Information 
Div.  Tech.  Sci. 

Construction  Press 
Association  of  Power  Engineers 
Central  Research  Inst,  for  Boilers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab.- Ministry  of  Electric  Power  Plants 
Central  Office  of  Economic  Information 
Ural  Branch 

All-Union  Inst,  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Research  Inst,  of  Metrology 
All-Union  Scientific  Research  Inst,  of  Railroad  Engineering 
All-Union  Thermotech.  Inst. 

All-Union  Power  Correspondence  Inst, 


Note:  Abbreviations  not  on  this  list  and  not  explained  in  the  tiansLation  have  been  transliterated,  no  farther 
information  about  their  ilgnilicance  being  available  to  us.  -  Publisher. 
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